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ELECTROPHYSIOLOGICAL STUDIES OF REFLEX ACTIVITY IN 
PATIENTS WITH LESIONS OF THE NERVOUS SYSTEM!:? 


I. A COMPARISON OF SPINAL MOTONEURONE EXCITABILITY FOLLOWING 
AFFERENT NERVE VOLLEYS IN NORMAL PERSONS AND PATIENTS 
WITH UPPER Motor NEURONE LESIONS 


J. W. MAGLADERY, R. D. TEASDALL, A. M. PARK* anp H. W. LANGUTH 
The Subdepartment of Neurological Medicine, The Johns Hopkins University School of Medicine and 
Hospital and The Baltimore City Hospitals 
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Although the two-neurone arc has long been considered an integral unit in 
spinal reflex activity, it was only twelve years ago that its existence in cats was 
clearly shown. The demonstration (41) provided a means of testing directly the 
excitability of spinal motoneurones under different conditions and without the 
instability introduced by internuncial systems. When Lloyd (25, 26, 27) further 
clarified the features of this low-threshold monosynaptic reflex, and indicated 
its role in spinal cats in the response to brief muscle stretch, the method ac- 
quired added physiological significance. It became, in fact, a direct test of motor 
nerve cell excitability by a highly-organized reflex of recognized functional im- 
portance. It has thus been widely used to advantage (28, 10, 2, 6, 7, 14, 11) 
and has brought to light much information of basic importance. 

Virtually all these studies have, however, consisted of acute experiments 
performed on animals immobilized by anaesthesia or by section of brain-stem 
or spinal cord. For apparent reasons, similar assessment of spinal motor nerve 
cell activity has not been made in intact animals, or those in a stationary con- 
dition long after discrete lesions had been made in various parts of the neuraxis. 
It has not, therefore, been possible for clinicians to convert the basic features 
of motoneurone excitability so revealed into terms of total human function, to 
assess the importance of their alteration in the presence of neurological disease, 
nor to grapple with their role in states of altered tone. The likelihood of making 
the pertinent studies in animals still appears remote. In man, however, oppor- 
tunities may be greater. In young adult volunteers, assumption of an intact 
nervous system is reasonable. Relative immobility may be achieved on a volun- 
tary basis. Patients with various neurological derangements are usually co- 
operative in painless procedures. Inexactitude in clinical delineation of lesions 


1 Supported by grants from the Lewis J. and Harriet S. Lederer Fund of The Johns Hop- 
kins Hospital and from The National Institutes of Health, U. S. Public Health Service. 

? Parts of this material were presented to the American Physiological Society in April 
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is unavoidable, but this undesirable feature may be balanced by chronicity and 
opportunities for repeated examination. It is the purpose of the present com- 
munications to describe the results to date of testing spinal motor nerve cell 
excitability by the monosynaptic reflex in normal persons and patients with 
neurological damage. 

It must be stated, in anticipation, that this means of testing has so far re- 
vealed deviations from normal only in those patients who have shown signs 
indicative of “upper motor neurone” damage (17). The expression is used ad- 
visedly for two reasons. In the first place the term ‘‘upper motor neurone signs” 
conveys a picture well recognized in the clinic. There is at least some impair- 
ment in the performance of fine movements and some loss of power in a charac- 
teristic distribution. There is, with rare exception, the response of dorsiflexion 
on stimulating the sole of the foot. In most instances, some or all of the “re- 
lease” manifestations (50) are present: namely, increased tendon jerks, hyper- 
tonus, clonus, etc. Secondly, the term does not in any sense specify damage 
restricted to, or involving, any particular functional or anatomical pathways. 
As will appear, certain features have indeed been found common whether the 
upper motor neurone signs were due to hemispheral, brain-stem, or spinal le- 
sions. It may seem reasonable to attribute them to damage of tracts common to 
those different sites. Additional features have emerged only when the lesions 
occurred in specific regions. In such instances, additional pathways may also 
have been damaged. In this first paper, certain patterns of spinal motoneurone 
excitability common to all these patients with “upper motor neurone’’ lesions 
are compared with those found in normal persons. 


PROCEDURE 


The subjects were of two groups. The first consisted of twenty-six young and middle- 
aged normal volunteers. The second was made up of fifty patients of comparable ages, with 
upper motor neurone signs of varying degrees of severity and duration. All had, of necessity, 
recovered sufficiently from the immediate effects of the lesion so that tendon reflexes could 
be elicited. Some were completely incapacitated; others had minor disability. Some showed 
markedly heightened clinical reflex activity and/or tone; in others, these were less pro- 
nounced. There were eighteen patients with hemispheral or upper brain-stem lesions, and 
thirty-two with damage to lower brain-stem or spinal cord. Of the latter, thirteen consisted 
of physiologically, or anatomically, complete spinal cord transections, verified surgically, 
at representative levels throughout the cord.‘ Some showed predominantly extensor spon- 
taneous movements below the lesion, others flexor; the remainder showed no spontaneous 
abnormal movements. Most of the other spinal lesions were also traumatic. A few consisted 
of intrinsic cord disease such as syringomyelia, tumor, or myelomelacia. The hemispheral 
and brain-stem lesions were vascular in origin. 

The arrangement for electrical stimulation of mixed peripheral nerves by monopolar 





* This group was studied at the Veterans Administration Hospital, Hines, Illinois, through 
the kindness of the Management and the Staff of the Neurology Section, to whom the authors 
are greatly indebted. 
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shocks of low intensity has been described previously (31). In all but the earliest experiments, 
the cathode was the bared tip of a single insulated steel needle lying in close proximity to 
the nerve trunk. A large diffuse anode was fixed to the skin on the opposite surface of the 
limb. Tendon taps were applied, in the customary fashion, by finger or light reflex hammer. 
The subjects rested comfortably and recumbent on a standard litter with the distal part of 
the limb under investigation gently supported or hanging freely. The position adopted was 
standard throughout for any one group of muscles, and such that the muscle tested was 
uppermost. For example, for calf studies, the patients were prone; when anterolateral 
muscles were used, they customarily lay on the side. This precaution was adopted to assure, 
as well as possible, comparable degrees of underlying stretch (21). In these studies, no seda- 
tion was used. 

Muscle action potentials were led to amplifiers and cathode ray oscilloscope through 
paired electrodes fixed to the skin overlying the muscle tested. Though altered location within 
this area was found to produce no apparent differences in the results, electrode position was 
reasonably constant throughout the studies. The monosynaptic H reflex to calf muscles 
resulting from a single submaximal shock to posterior tibial nerve in popliteal fossa was used 
to test excitability of its motoneurones. In these present studies the test requirements were 
more rigid than those employed previously (32). Peripheral fibres were effectively stimulated 
by shocks of considerably lower intensity than formerly, due to improved placement of 
stimulating needle electrodes near the nerve trunks. Skin resistances, shunting, and dis- 
tances of nerve from active electrodes, necessarily differed from experiment to experiment. 
It has not been possible, therefore, to express quantitatively the relative intensities of the 
electric shocks actually delivered to nerve fibres in different subjects. They were just suffi- 
cient in every experiment, however, to produce consistently reflex muscle contraction de- 
tectable only by a slight ripple on the overlying skin, and small reflexly-evoked potentials 
in the electrical records. These were from about 100 to 200 microvolts in size. There was no 
indication that motor axones had been directly excited by the shocks. Reflex responses, as 
so defined, were used for testing purposes throughout these studies. The afferent nerve vol- 
leys, which were just sufficient to produce them, will be called, in these communications, 
“liminal’”’ volleys. 

When the shocks to nerve trunks were made successively stronger, stimulus intensities 
were reached which just excited, in addition to afferent fibres, motor axones as well. The 
added shock strength necessary to achieve this gave some measure of difference in thresholds 
for liminal afferent volleys and for direct excitation of motor fibres. This difference was 
assessed in each experiment, though not measured in absolute terms. Motor nerve cell 
excitability was also tested by single liminal afferent volleys at various intervals after prior 
percussion of the muscle tendon or electrical stimulation of afferent nerve fibres from the 
muscle. It was measured in terms of the size of the resultant reflexly-produced action po- 
tentials. 

Similar investigative procedures were likewise applied in a standard fashion to peroneal, 
plantar, median, radial and ulnar nerves, and to their innervated muscles. Whenever reflexes 
resulted from nerve shocks which were too weak to excite motor axones, they are described 
as “low-threshold”’. 


RESULTS AND INTERPRETATIONS 


A. The Test Reflex 


The monosynaptic H reflex, readily detectable in calf muscles, has two char- 
acteristic features related to intensity of nerve stimulation. It can be evoked 
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by afferent volleys resulting from shocks which are subliminal for motor axones, 
When stimuli are made stronger, however, motor fibres are also excited. The 
reflex discharge to muscle is then blocked by centripetal impulses in those 
axones (31). These features are exemplified by the typical records of Figure 1, 
from a normal person, which are reproduced from the communication cited. 
With the weakest nerve shock (record 1), the only deflection was the action 
potential of the H reflex with a latency of 32 milliseconds. Following a stronger 
nerve volley (record 2), a preceding small deflection indicated that a few motor 
axones had been excited in addition to more afferent fibers. With successively 
ea hahales 
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Fic. 1. Action potentials from calf muscles of normal subject. Surface electrodes. Single 
shocks of increasing intensity to posterior tibial nerve in popliteal fossa. Stimulus artefact 
in this and subsequent figures indicated by small dot. See text. 
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stronger nerve stimuli (succeeding records), more and more motor axones car- 
ried antidromic impulses with consequent blockage of the reflex. In these experi- 
ments, stimulus intensities were chosen for testing purposes which gave deflec- 
tions slightly larger than the H response of record 1, yet smaller than the 
potentials of record 2. Higher amplification was used for more accurate meas- 
urement. 

In normal persons, H reflexes as here defined were consistently recorded only 
from calf muscles. No low-threshold reflexes were ever detected in extensor 
muscles of forearm, anterolateral muscles of leg, or small muscles of hand or 
foot following stimulation of the appropriate nerves of innervation. When the 
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median nerve was stimulated, however, rather variable action potentials ap- 
peared in flexor muscles in the forearm. Similar variation was found in brachio- 
radialis following shocks to radial nerve. In most instances, illustrated in the 
left hand column of Figure 2, progressive increase in stimulus intensity pro- 
duced only successively larger deflections (M) due to excitation of motor 
axones. In three cases out of fifteen, exemplified by the right hand column of 
records, a reflexly-induced action potential was detected following a submaxi- 
mal shock (record 2). Since this was depressed with yet stronger nerve stimuli 
(record 3), it has tentatively been labelled H. It was never evoked, however, by 
nerve shocks which did not excite a considerable number of motor axones 
(record 1). 
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Fic. 2. Action potentials from flexor muscles of forearm. Surface electrodes. Left and right 
hand columns—records from two different normal persons. Single shocks of increasing in- 
tensity to median nerve high in antecubital fossa. See text. 


In patients with upper motor neurone signs due to hemispheral or upper 
brain-stem lesions, H reflexes were also consistently found in calf muscles. 
Likewise, low-threshold responses were never detected in extensor muscles of 
forearm, anterolateral muscles of leg, nor in small muscles of hand or foot. In 
eight out of ten patients, however, reflexly-induced action potentials did appear 
in the flexor group of forearm muscles following median nerve shocks which 
were subliminal for motor axones. Similar results in brachioradialis followed 
radial nerve stimuli. In Figure 3, for example, the action potentials were re- 
corded from the forearm flexor group in a patient with a vascular hemiplegia 
of a few years’ duration. In record 1, only low-threshold afferent fibres re- 
sponded and the reflex response labelled H resulted. With stronger stimuli, as 
in record 2, a preceding direct motor response occurred as well. When the nerve 
shock was sufficiently intense (record 3), the reflex discharge was blocked in the 
manner described above for H responses. 
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In these studies, thresholds of excitation for motor axones have been com- 
parable in both normal and hemiplegic patients. Emergence, then of low- 
threshold H reflexes to forearm flexor muscles in these patients, as illustrated 
by record 1 of Figure 3, must have one of two explanations. Either the excitatory 
threshold of the afferent fibres was in some fashion lowered, or, in the presence 
of upper motor neurone damage, the reflex was released from some central, 
normally continuous, suppression. Although the former explanation cannot be 
completely discarded, it seems unlikely. On the contrary, evidence has accumu- 
lated to indicate strongly that some control of central origin was removed. 
This control, normally exerted continuously through those pathways which 
are common to hemispheres, brain-stem and spinal cord, must not, however 
be great. Its removal disclosed low-threshold reflexes only in that region where 
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Fic. 3. Action potentials from flexor muscles of forearm in hemiplegic subject. Single 
shocks of increasing intensity to median nerve high in antecubital fossa. See text. 


in normal persons, there was some indication of their presence. In other situa- 
tions, such as anterolateral and small muscles where suppression was normally 
more complete, low-threshold reflexes did not appear. 


B. Motoneurone Excitability Following Tendon Tap 
a) Normal Subjects 

Much of the incentive for the present studies arose from curiosity about the 
profound and long-lasting suppression of the monosynaptic reflex which, in 
normal man, follows the lightest blow to muscle or tendon (32). The suppression 
is, in fact, a much more prominent feature than that found in animals (1). In 
our original studies, it was realized that the pattern of spinal motoneurone re- 
covery was influenced by the intensity of the conditioning tendon tap. At that 
time, however, the advantage of employing liminal test volleys, confined to 
afferent fibres of lowest threshold, was not fully appreciated. When that pro- 
cedure was adopted, the suppression was found to be even more marked than 
indicated by the original studies. Figure 4, for example, represents a typical 
experiment on a normal person. The initial deflections in the first 5 records 
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show a small dip due to mechanical disturbance of the electrodes by a weak 
tendon tap, succeeded by its reflex response. In record 6, the action potential 
of the unconditioned test monosynaptic reflex is labelled H. In records 1 to 5, 
a similar testing nerve volley followed the tendon tap at different intervals. In 
records 3, 4 and 5, when the test shock was applied 300 milliseconds or less after 
the blow, the monosynaptic reflex was completely suppressed. When the inter- 
val was greater, it emerged, but diminished in amplitude. Even in record 1, 
when the motoneurones were tested 550 milliseconds after tendon tapping, the 
reflex response was far below its unconditioned size. As in the earlier studies (32) 
no evidence of facilitation was ever encountered. When blows to Achilles’ ten- 
don were made stronger, subsequent motoneurone depression was even greater. 
Indeed, in most instances, the testing afferent nerve volley was completely in- 
effective for a matter of several hundred milliseconds, and no reflex response 
occurred. 
b) Patients with Upper Motor Neurone Lesions. 

When patients with upper motor neurone signs due to lesions of hemisphere, 
brain-stem or upper spinal cord were similarly studied, the resultant patterns 
of recovery were rather different. The records of Figure 5, from an experiment 
on a middle-aged patient with hemiplegia due to a capsular lesion, are represen- 
tative of the group and illustrate the manner in which such patients differ from 
the normal. It is apparent that the test reflex was completely suppressed when 
it followed a light tendon tap at the short interval of record 5. There was, as 
with normal subjects, no facilitation at shorter intervals. In contrast, however, 
as seen in record 4, when the motoneurone pool was tested by the afferent vol- 
ley 140 milliseconds after the blow, considerable reflex discharge occurred. With 
increasingly greater intervals up to a point, the discharge was found more and 
more complete. In record 2, for instance, the reflex evoked 300 milliseconds 
after the conditioning tap was virtually normal in size. At greater intervals, 
exemplified by record 1, motoneurone excitability decreased once more. When 
stronger tendon blows were used, the succeeding suppression was not much 
greater. Testing liminal afferent volleys were usually effective within 250 
milliseconds. 

Comparison, then, of spinal motoneurone recovery after light tendon taps 
in normal persons and patients with upper motor neurone lesions, reveals the 
following similarities. In neither was there any indication of facilitation (28, 
31). In both, the conditioning stimulus was succeeded by a long period of de- 
creased motoneurone excitability as revealed by the present method of testing. 
In both these features, the recovery curves differed from those obtained in ani- 
mals following low-threshold afferent volleys or antidromic conditioning (28, 
10, 2, 7, 14, 11). These very differences may well support the suggestion, to be 
discussed elsewhere (46), tk .t even the lightest “‘clinical’’ tendon tap discharges 
impulses in more than afferent fibres of lowest threshold, and that internuncial 
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spinal mechanisms are involved. Some evidence has already been presented (39) 
to indicate that afferent fibres of higher threshold are activated by muscle 
stretch produced by other means. Hitherto, however, it has generally been 
assumed that a light tendon jerk and the monosynaptic reflex rested on similar 
mechanisms. The present findings cast doubt on the validity of that as- 
sumption. 
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Fic. 4. Action potentials from calf muscles of normal person. Surface electrodes. Record 
6—H reflex from liminal shock to posterior tibial nerve in popliteal fossa. Records 1 to 5— 
similar nerve shock at intervals of 550, 380, 300, 180 and 50 milliseconds respectively after 
light mechanical tap on Achilles’ tendon. 





Differences, however, between the recovery patterns of Figures 4 and 5 are 
evident. The patients with upper motor neurone signs resembled, in motor 
nerve cell recovery, the animals of Ballif, Fulton and Liddell (1). Indeed, when 
allowance is made for the characteristics of the conditioning stimuli discussed 
above, recovery was not grossly different from that described in the more de- 
tailed analysis of Eccles (11). There was an initia] rapid return in excitability 
followed by secondary depression. In normal subjects, in contrast, there was 
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no early recovery—only prolonged depression, increasing with intensity of the 
tendon blow. It seems reasonable to assume that these differences were related 
to the functional state of those descending motor pathways which we have re- 
ferred to as upper motor neurones. When these were damaged, as illustrated by 
Figure 5, recovery resembled that in the experimental] animal. When intact 
(Figure 4), tremendous additional suppression, presumably activated by the 
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Fic. 5. Action potentials from calf muscles of hemiplegic patient. Surface electrodes. 
Record 6—H reflex from liminal shock to posterior tibial nerve in popliteal fossa. Records 
1 to 5—similar nerve shock, at intervals of 500, 300, 200, 140 and 100 milliseconds respec- 
tively, after light mechanical tap on Achilles’ tendon. 


initial tendon tap, prolonged the complete and relative stages of diminished 
spinal motoneurone excitability. 


C. Motoneurone Excitability Following Afferent Nerve Volleys 


The experiments described above had the advantage that spinal motoneurone 
excitability was tested following a method of conditioning which is in daily 
clinical use. They were sufficient to indicate the degree of motoneurone sup- 
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pression induced, in the presence of intact upper motor neurones, by peripheral 
stimuli. They suffered, however, from the unavoidable fact that intensity of 
tendon tap fluctuated to some degree, and from the likelihood that even the 
lightest blows activated more than the afferent nerve fibres of lowest thresh- 
old. Therefore, electrical stimulation of the nerve trunk was adopted as a more 
constant and reproducible means of conditioning. Motoneurone excitability 
was tested by single afferent nerve volleys, liminal for the monosynaptic reflex 
at different intervals after similar, and then stronger, shocks were delivered 
at the same nerve site. It is reasonably safe to assume, with the weak condi- 
tioning volleys, that only some of the afferent fibres of lowest threshold from 
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Fic. 6. Action potentials from calf muscles. Normal subject. Surface electrodes. Single 
liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 5. In records 
1 to 4, this was preceded by similar conditioning shock at same nerve site at intervals of 8, 
42, 56 and 72 milliseconds. 


muscle were excited. Furthermore control shocks, through an additional 
nearby cathode in skin or soft tissues of popliteal fossa, but at some distance 
from the nerve trunk, had no detectable conditioning effects. With the stronger 
shocks, not only were impulses discharged in additional low-threshold afferent 
fibres, but almost certainly others of higher threshold, and in some instances 
motor axones, were involved as well. 
a) Normal Subjects 

The general features of recovery in motoneurone excitability after single 
shocks to a mixed periphera] nerve trunk, the posterior tibial, have been de- 
scribed previously (32). A more detailed description, however, now seems neces- 
sary in view of the use of purer monosynaptic reflexes, and examination of 
motor nerve cell excitability for longer periods after the conditioning volley. 
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Fic. 14. Action potentials from calf muscles. Hemiplegic patient. Surface electrodes. 


Single liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 


6. In records 1 to 5, this was preceded by similar conditioning shock at same nerve site 
at intervals of 60, 85, 280, 500 and 700 millisec 
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The records of Figures 6, 7, and 8, obtained in this manner from a normal 
person, may serve as illustration. 

In the experiment represented by Figure 6, the testing low-threshold afferent 
volley evoked reflexly the action potential from calf muscles (H2) seen in record 
5. The remaining records illustrate changes in the reflex when conditioned by a 
preceding similar shock to the same nerve trunk. When the two stimuli were 
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Fic. %, Action potentials from calf muscles. Normel subject. Surface electrodes. Single 
liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 6. In 
records 1 to 5, this was preceded by similar conditioning shock at same nerve site at intervals 
of 140, 186, 440, 608 and 800 milliseconds. 


separated by 8 milliseconds, as in record 1, the test reflex deflection appeared 
at a corresponding interval after that produced by the conditioning volley. This 
phenomenon of emergence of the test reflex response, when its afferent volley 
succeeded the conditioning impulses by a short interval, has been discussed 
before and correlated with predominant facilitation within the spinal cord (28, 
10, 14). This phase of facilitation, presumably the result of recruitment from the 
subliminal fringe, gradually decayed over a period of about 15 to 25 milliseconds 
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and was succeeded by depression. In the present communications, the latter 
will be called “early depression.” It is illustrated by records 2, 3 and 4 of Figure 
6, in which, at intervals of 42, 56, and 72 milliseconds respectively after the 
conditioning volley, the testing afferent impulses failed to discharge motoneu- 
rones. The mechanisms of these early phases of facilitation and depression are 
not yet clear but they are generally assumed, from animal experiments, to 
represent excitatory and inhibitory processes at motoneurones themselves. 
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Fic. 8. Action potentials from calf muscles. Normal subject. Surface electrodes. Single 
liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 6. In records 
1 to 5, this was preceded by stronger conditioning shock at same nerve site at intervals of 
100, 300, 420, 600 and 800 milliseconds. 


When, as in Figure 7, the cathode ray beam was swept more slowly, subse- 
quent features of the recovery process were seen. The test volley alone produced 
the H2 reflex of record 6. When it followed a similar conditioning volley by 140 
milliseconds (record 1), no reflex occurred. When the interval between volleys 
was increased to 180 milliseconds (record 2), some recovery of motoneurone 
excitability had taken place but it was far from complete, as seen by the small 
size of the testing reflex. Even 440 milliseconds after the initial motoneurone 
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discharge (record 3), the second afferent volley evoked a reflex well below its 
unconditioned value. The final records, in which conditioning and testing vol- 
leys were 600 and 800 milliseconds apart, indicate the occurrence of, and early 
stages of recovery from, a later and more prolonged phase of depression. This 
will be designated as “‘late” or “‘secondary”’ depression. The time course will be 
seen in more detail in subsequent graphs. This late depression, to be considered 
more fully in a later paper of this series, has no complete counterpart in acute 
animal experiments. That it represents more than merely the result of reciprocal 
inhibition (28) was, however, shown by the fact that it was unaltered by pro- 
caine block of nerve fibres from the antagonistic muscles. 


NORMAL SUBJECT 


Amplitude of Testing Monosynaptic H Reflex 
after liminal afferent volley 
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200 400 600 800 
milliseconds 
Fic. 9. Amplitude of testing monosynaptic H reflex, at intervals shown, after reflex 
evoked by preceding shock of similar intensity at same nerve site. All points plotted from 
experiment on normal subject. Ordinate—motoneurone excitability expressed as percentage 


of size of unconditioned test reflex. Abscissa—time between single nerve shocks in milli- 
seconds. 


In the experiment illustrated by Figure 8, the conditioning shock to posterior 
tibial nerve was made considerably more intense than that which discharged 
the testing volley. It produced the action potentials at the left of records 1 to 
5. Although it is not apparent from the records, it almost certainly activated 
some higher-threshold afferent fibres, and possibly motor axones, as well (31). 
In record 1 the testing afferent volley, 100 milliseconds after the initial dis- 
charge, evoked no reflex response. When the interval was increased to 300 milli- 
seconds (record 2), all but a few afferent impulses failed to discharge motor 
nerve cells. In record 3, when the volleys were separated by 440 milliseconds, 
the testing reflex was about one half its unconditioned size (record 6). Records 
4 and 5 illustrate secondary depression similar to that already described follow- 
ing low-threshold conditioning volleys. 

These features of recovery in motor nerve cell excitability found in normal 
persons may be recognized more clearly when the experimental results are dis- 
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played in a graphic form. In Figure 9, for example, the complete data for one 
typical experiment have been plotted. Conditioning and testing afferent volleys 
were liminal and equal. Amplitudes of the reflex deflections produced by them 
separately are shown in blocks at the right of the figure. The mean value of 
these corresponds to one hundred per cent on the ordinate. The remaining 
points on the graph show the relative size of the action potentials of the testing 
reflex when preceded, at various intervals, by conditioning volleys. The time 
scale, the abscissa, is in milliseconds. It is seen that there was some scatter of 
the experimental points, but they were sufficiently consistent to justify the 
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Fic. 10. Ten experiments on different normal persons. Mean amplitude of testing mono- 
synaptic H reflex at intervals shown after reflex evoked by preceding shock at same nerve 
site. Selection includes extremes of scatter found in 26 subjects. 


construction of a smooth curve indicating mean values at the different intervals. 
Recovery curves derived in this fashion were plotted for each of the 26 normal 
persons in this study. Ten of these have been superimposed in the composite 
graphs of Figure 10. They were not selected at random, but include the most 
widely differing curves of our series. The data from the remaining sixteen per- 
sons, therefore, fell within the range shown. In view of the reasonably close 
agreement, it seems simpler to discuss the features of recovery in spinal motor 
nerve cell excitability by reference to single curves plotted from average values, 
derived at each interval, from all the experiments. 

The curves of Figure 11, obtained in this fashion, may therefore be considered 
indicative of the recovery process in normal persons. The upper graph was con- 
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NORMAL SUBJECT 
Amplitude of Testing Monosynaptic H Reflex 
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Fic. 11. Amplitude of testing monosynaptic H reflex, at intervals shown, after reflex 
evoked by preceding shock at same nerve site. Mean value for 26 normal subjects. 
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Fic. 12. Action potentials from calf muscles. Hemiplegic patient. Surface electrodes. 
Single liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 5. 
In records 1 to 4, this was preceded by similar conditioning shock at same nerve site at 
intervals of 8, 12, 50 and 70 milliseconds. 
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structed from experiments in which the conditioning volley was similar to the 
liminal testing afferent volley. The results following stronger initial volleys 
have been plotted in the lower graph. Several features are indicative of the level 
of excitability of motor nerve cells at various stages during their recovery from 
initial bombardment. It must again be emphasized that the curves represent 
the resultant of combined excitatory and inhibitory processes but are more 
easily described by reference to the predominant effect at any one time. Early 
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Fic. 13. Action potentials from calf muscles. Incomplete high thoracic spinal cord lesion. 
Surface electrodes. Single liminal shock to posterior tibial nerve in popliteal fossa evoked H 
reflex of record 4. In records 1 to 3, this was preceded by similar conditioning shock at same 
nerve site at intervals of 8, 24 and 80 milliseconds. 


facilitation (28), decaying over 15 to 25 milliseconds, occurred only after sub- 
maximal afferent volleys. Early depression in these normal subjects was com- 
plete for 125 milliseconds or more after weak conditioning volleys, and consider- 
ably longer when the initial stimulus was stronger. Motor nerve cell excitability 
then gradually recovered, though incompletely, to a crest at three or four 
hundred milliseconds. This, in turn, was succeeded by prolonged secondary 
depression which reached its maximum at about 600 milliseconds and then 
gradually declined. Recovery of motoneurone excitability was, however, far 
from complete even one second after the original discharge. 








Fic. 7. Action potentials from calf muscles. Normal subject. Surface electrodes. Single 


liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 6. In 
records 1 to 5, this was preceded by similar conditioning shock at same nerve site at inter- 
vals of 140, 180, 440, 600 and 800 milliseconds. 
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b) Patients with Upper Motor Neurone Lesions 
The same procedures were repeated on patients with upper motor neurone 
signs. In all these, the general features were similar, regardless of the degree of 
disability or the location of the underlying lesions in hemisphere, brain-stem 
or upper spinal cord. The records of Figure 12, for example, illustrate findings 
in a patient with a capsular hemiplegia of several months’ duration, whereas 
those of Figure 13 were taken from an individual with an upper thoracic cord 























Fic. 4. Action potentials from calf muscles. Hemiplegie patient. Surface electrodes. 
Single liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex of record 6. 
In records 1 to 5, this was preceded by similar conditioning shock at same nerve site at 
intervals of 60; 85, 280, 500 and 76@ milliseconds. 


lesion. In both instances, monosynaptic reflexes were tested at different inter- 
vals following weak conditioning stimuli to the nerve trunk. In the upper rec- 
ords of both figures facilitation was evident at short intervals. This, in turn, 
was succeeded by complete early depression (record 3 of Figure 12, and record 
2 of Figure 13). 

Up to this point, the findings were identical with those found in normal per- 
sons. Only at longer intervals did a difference appear. In record 4 of Figure 12, 
for example, the testing low-threshold afferent impulses, though separated from 
the conditioning volley by only 70 milliseconds, were able to discharge some of 
the spinal motoneurones. Likewise in record 3 of Figure 13, where the stimulus 
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interval was 80 milliseconds, the testing reflex discharge was almost equal to its 
unconditioned size (record 4). Throughout this whole group of patients with 
upper motor neurone lesions there was some variability in the time at which 
recovery from early depression began. For the most part, though not consist- 
ently, it was somewhat shorter when the lesions were in spinal cord rather than 
at a higher level. It was always, however, considerably less than in normal 
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Fic. 15. Action potentials from calf muscles. Incomplete cervical cord lesion. Surface 
electrodes. Single liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex 
of record 8. In recores 1 to 7, this was preceded by stronger conditioning shock at same 
nerve site at intervals of 85, 110, 160, 220, 420, 500 and 650 milliseconds. Tracing of action 
potential due to the conditioning volley shown at full height in record 1: in succeeding records 
it has been cut for economy of space. 


persons. Furthermore, once initiated, return of spinal motoneurone excitability 
after early depression was more rapid and complete than in the normal subjects. 

This recovery pattern may be seen more readily from the tracings of Figure 
14, from the experiment illustrated by Figure 12 but recorded at slower sweep 
of the cathode ray beam. The testing volley was ineffective at an interval of 
60 milliseconds (record 1). At 85 milliseconds however (record 2), motoneurone 
excitability had risen sufficiently that the test reflex was about one half its un- 
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lO UPPER MOTOR NEURONE LESIONS 
Amplitude of Testing Monosynaptic H Reflex 


|. after liminal afferent volley 
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Fic. 16. Ten experiments on different patients with upper motor neurone lesions. Mean 
amplitude of testing monosynaptic H reflex after reflex evoked by preceding shock, at inter- 
vals shown, at same nerve site. Selection includes extremes of scatter found in 42 patients. 
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Fic. 17. Amplitude of liminal monosynaptic H reflex after reflex evoked by preceding 
nerve shock, at intervals shown, at same nerve site. Broken lines—mean values for 42 pa- 
tients with upper motor neurone lesions. Solid lines—normal subjects, for comparison. 
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conditioned size. In record 3, at 280 milliseconds, recovery was virtually com- 
plete. Subsequent records (4 and 5) depict the appearance of, and beginning re- 
covery from, late depression. When stronger conditioning volleys were em- 
ployed, there was no facilitation. Early depression was somewhat longer than 
following weak stimuli, but still considerably shorter than in normal persons. 
In record 1 of Figure 15, for example, the testing volley was able to effect some 
reflex discharge of motoneurones at an interval of 85 milliseconds. By 220 


TABLE I 
Duration of early depression following liminal afferent volleys in 29 experiments on normal persons 
and 75 experiments on patients with upper motor neurone lesions. 


EARLY DEPRESSION 
after liminal afferent volleys 
no. of experiments 


duration normal upper motor 
neurone lesion 











40 msec. 0 5 
50 0 23 
60 » 0 7 
7O ww 0 20 
80 » 0 6 
90 »» 0 0 
lOO» 3 3 
110» 6 | 
25» 8 0 
ISO 10 0) 
175» { 0 
200 + 1 0 


milliseconds (record 4) excitability of motor nerve cells had recovered even 
further, though not completely. This was then interrupted, in turn, by second- 
ary depression. 

These features of spinal motoneurone recovery in patients with upper motor 
neurone lesions may be indicated more clearly in the graphic form already 
employed with the data from normal subjects. Tracings thus obtained from 
mean values in experiments on ten different patients were superimposed in the 
graphs of Figure 16. As before, the most widely differing curves of the series 
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have been included in this composite figure. Those from the remaining thirty- 
two patients, therefore, lay within the limits shown. The similarity in contour 
is close. Curves obtained from mean values, at the different intervals, of the 
results from al] experiments were therefore constructed in the manner pre- 
viously described. They may thus be considered representative of our findings 
in this group of patients. They are shown in the broken lines of Figure 17. For 
comparison, the later portions of the average recovery curves derived from nor- 


TABLE II 
Duration of early depression following stronger nerve volleys in 25 experiments on normal persons and 66 
experiments on patients with upper motor neurone lesions 
EARLY DEPRESSION 
after stronger nerve volleys 
no. of experiments 


duration normal upper motor 
neurone lesion 











60 msec. 0 | 
7O 1» 0) 3 
80 0) 9 
390 %? 0 7 
100 +» 0 27 
11O +s 0) 
I25 + 0) 8 
I5O0 +s a 5 
175 os 7 2 
200 +» 5 0 
225 1 2 0 
250+» 7 18) 


mal persons have been superimposed in solid lines. As already mentioned (and 
evident from Figures 10 and 16), facilitation and the initial stages of early de- 
pression were comparable in the two groups. In the presence of upper motor 
neurone damage, however, early depression was of considerably shorter dura- 
tion and recovery from it more rapid and complete. Subsequent secondary 
depression occurred in both, following grossly similar time courses. 

Though indicated in Figure 17, it has proven difficult to express in completely 
satisfactory quantitative terms the differences in recovery of spinal motoneu- 
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rone excitability found in normal person and patients with upper motor neurone 
lesions. It has been possible, however, to compare, in both groups, those inter- 
vals at which test reflex responses were first detectable after complete early 
depression. The results are shown in the accompanying tables which list the 
number of experiments in which the duration of early depression fell within the 
time intervals of the left hand column. From Table I it may be seen that 
early depression after liminal afferent volleys lasted, in most normal persons, 
between 125 and 150 milliseconds. In no normal subject was its duration less 
than 100 milliseconds. By contrast, in most patients recovery began between 
50 and 70 milliseconds. In only four of seventy-five experiments was it delayed 
as long as 100 milliseconds. Though the spread was somewhat greater, similar 
differences were found when the results with stronger conditioning volleys were 
compared (Table II). Recovery commenced much later in the normal group. 

There are, therefore, slight differences in spinal motoneurone threshold to 
monosynaptic discharge, and unequivocal differences in recovery from activa- 
tion by liminal afferent volleys, between normal persons and patients with up- 
per motor neurone lesions. Both indicate that some depression of spinal motor 
nerve cell excitability to this form of testing is removed when upper motor 
neurone damage takes place. These observations cannot, however, be strictly 
interpreted in terms of clinical findings. Although those patients with most 
pronounced hypertonus and hyperreflexia usually showed the least depression, 
this was not always so. In some cases, for example, with a high degree of spas- 
ticity and/or hyperreflexia, early and late depression were somewhat similar to 
those found in normal persons. In others, with little or no increase in tone, ex- 
citability recovered very early and total depression was much less. 


DISCUSSION 


The functional alterations associated with static or slowly progressive upper 
motor neurone lesions have long been of considerable interest to neurologists 
and physiologists (50, 47, 48). Yet certain inconsistencies in the reported clinical 
features of chronic lesions in experimental animals (47, 23, 9, amongst others); 
on the one hand, and absence of measurable means of testing human patients 
with physiological methods on the other, have led to spirited differences in in- 
terpretation of the roles of descending pathways. To the clinician, as re-empha- 
sized by Walshe (50), “hemiplegia is far from being a uniform state.” Loss of, 
or impairment in, willed movements or power is not necessarily commensurate 
in any one case with other characteristics, such as increased tendon reflexes or 
hypertonus. This is also true of the signs of upper motor neurone lesions occur- 
ring at lower sites. These disparities, taken in conjunction with the results of 
animal experiments, have led many observers to the belief that the volitional 
defects and the so-called “‘release’’ phenomena are dependent on interruption 
of different descending pathways. Though no strict transposition to the clinical 
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field has yet been possible, there is strong physiological evidence to support 
this dissociation. For example, Tower (47) obtained essentially a flaccid paraly- 
sis in monkeys by section of the bulbar pyramid. When Cannon, Magoun and 
Windle (8) severed the basis pedunculi, however, hyperreflexia with hypotonia 
accompanied the volitional defect. Only when cortical damage was added did 
increased tone make its appearance. From these findings the authors suggested 
that fibres deviate successively from descending corticospinal projections. In- 
terruption of those which have already deviated before reaching cerebral pe- 
duncles leads to transient increased tone; whereas those, which on damage 
allow hyperreflexia, only deviate from the main projections between peduncles 
and medullary pyramids. To some extent, this thesis has been elaborated by 
demonstration of the strong inhibitory role on both tone and reflex activity by 
the bulbar reticular formation (34) and pathways descending from it. For many 
reasons, however, this simple explanation of the mechanisms of increased tone 
and hyperreflexia, has not been completely satisfactory clinically. For instance, 
both or either of these phenomena may be found much more pronounced in 
man in the presence of incomplete hemispheral lesions than with brain-stem or 
spinal lesions, or the reverse may be the case. There seems to be no constant 
pattern as one might expect if damage to differing pathways were solely re- 
sponsible for certain of the “upper motor neurone”’ signs. 

As pointed out by Walshe (50), it seems unlikely that complete resolution of 
this problem will come from animal experiments, with their inherent necessity 
for section or anaesthesia, difficulty in nursing, and so on. At the same time, 
uncertainty of clinical, or even histological, localization of the extent of lesions 
found in human patients makes strict differentiation of damaged pathways 
impossible. Nevertheless, it may be possible to define in man, certain physio- 
logical differences from normal which are common to any upper motor neurone 
lesion, and others which characterize damage to specific regions. Measurable 
indices of human spinal motoneurone excitability, on which ultimately move- 
ment, tone and reflex activity must depend, are unfortunately limited. One such 
index is, however, the response to test by afferent nerve volleys evoking mono- 
synaptic reflexes. It is the purpose of these communications to report, though 
not necessarily interpret, certain distinguishing features of motoneurone excita- 
bility thus revealed in the presence of neurological disease. The present paper 
has been limited to a consideration of certain similarities to, and differences 
from, normal which are common to patients with upper motor neurone signs 
due to lesions of hemisphere, brain-stem or spinal cord. 

With minimal background activity, there was very little difference between 
normal persons and patients with hemispheral or upper brain-stem lesions 
showing upper motor neurone signs. Monosynaptic reflexes were detected in 
both, in large thigh and calf muscles, when the appropriate nerve trunk was 
stimulated. Regardless of tone and/or clinical reflex activity, in neither group 
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were similar low-threshold reflexes recorded from anterolateral muscles, exten- 
sor muscles of forearm or small muscles of hand or foot when their nerves of 
supply were excited. In fact, the only unequivocal evidence of enhanced reflex 
response to solitary low-threshold afferent volleys appeared when median 
nerves were stimulated. Then, most hemiplegic patients showed reflexes in 
flexor muscles of forearm with nerve stimulation too weak to excite motor 
axones (Figure 3). This enhancement, however, was not great, since it was 
shown (Figure 2) that normally reflexes of relatively low threshold were some- 
times recorded by this method from the forearm flexor group. Apparently, then, 
under comparable basic conditions of spinal activity, motor nerve cells of these 
patients with upper motor neurone signs were only little more readily excited 
to reflex discharge by solitary afferent volleys than those of normal persons. 
Motoneurone excitability, as judged by this method of testing, must therefore 
be little different, regardless of the functional integrity of those descending 
pathways which are common to the sites mentioned. 

When, however, the central nervous system had been previously bombarded 
by impulses from the periphery, considerable differences in the responses of the 
spinal motor nerve cells in the two groups were encountered. With intense or 
asynchronous afferent volleys, following strong nerve shocks or tendon taps, 
subsequent depression of motoneurone excitability was far less in the patients 
with upper motor neurone lesions than in normal persons. Though the differ- 
ences were not quite as great, similar increased return in excitability followed 
limina] afferent volleys in the patient group. The additional depression, then, 
found in the presence of intact upper motor neurones, appeared for the most 
part following a volley of impulses in afferent fibres of low threshold. 

It is of considerable interest, too, to note that the enhanced recovery in 
spinal motoneurone excitability found in patients with upper motor neurone 
lesions was manifest only many milliseconds after the central arrival of the con- 
ditioning afferent volley. Its first indication was an accelerated recovery from 
early depression, at 50 to 70 milliseconds following the original motor nerve cell 
discharge. Certainly the time course could offer no obstacle to the participation 
of many higher integrative mechanisms, activated at low threshold throughout 
the neuraxis, in the much longer early depression seen in the presence of intact 
upper motor neurones. Indeed, that some internuncial mechanism seems likely 
has already been indicated by the observation that those excitability phenom- 
ena commonly considered to occur directly at motoneurones, namely facilita- 
tion and the early phases of subnormality, were identical in the normal subjects 
and patients. This, in itself, is not surprising since Lloyd (24) had already 
traced convergence of descending pathways, not on motoneurones, but on in- 
ternuncial pools. In the light of the present evidence, therefore, it is difficult to 
avoid the inference that normally, in the presence of intact upper motor neu- 
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rones, some suppression is exerted through spinal internuncial mechanisms. 
This suppression, which controls reflex discharge of motor nerve cells, becomes 
most evident after volleys of impulses from the periphery. 

The nature of those features of recovery in motor nerve cell excitability re- 
maining in the face of upper motor neurone damage, and stripped of the depres- 
sion or control discussed above, is not clear. The resemblance, however, to those 
attributed, in animal experiments, to properties inherent in motoneurones 
themselves, is close. For example, the upper recovery curves of Figures 16 and 
17 may well be compared with those of Lloyd (28) and Eccles (11), subse- 
quently verified by the use of intracellular microelectrodes (3, 12). The pattern 
of facilitation needs no comment here. It is apparent from its features and time 
course (32), that it is comparable to that so thoroughly investigated in cats by 
Lloyd (28), Granit (14), Brooks and Eccles (6), and others. The subsequent 
complete early depression in some of these patients with upper motor neurone 
damage lasted no longer than the subnormality found in cats by Eccles (11)— 
40 to 50 milliseconds. Succeeding prompt rise in excitability was likewise com- 
parable. In these instances, it might well be that this early depression repre- 
sented merely the subnormal state of motoneurones associated with the positive 
after-potential. This comparison, however, must not be drawn too closely. In 
many cases, the complete early depression lasted longer than that found in the 
animal experiments. Furthermore, the degree of late depression described in 
the present studies was much more intense than the slight reduction in excita- 
bility described by Eccles. On the whole, it seems likely that in the patients 
with remote upper motor neurone damage, some additional] control was exerted 
from the periphery, perhaps through spinal internuncial mechanisms, and that 
the recovery curves indicate more than inherent excitability properties of motor 
nerve cells. Such a suggestion might well explain the increased depression, so 
evident in the face of more intense afferent inflow from tendon tap or stronger 
nerve stimulation. 

The present studies have also cast doubt on the assumed exclusively low- 
threshold nature of the reflex response to even the lightest tendon tap. Absence 
of facilitation when the motoneurone pool was tested soon after the central 
arrival of the afferent impulses, and the intensity and duration of the depres- 
sion of motor nerve cell excitability, are both features which characteristically 
follow strong synchronous afferent nerve volleys. In the latter, not only low- 
threshold afferent fibres, but unquestionably also many others of higher thresh- 
old which activate internuncial pools, are excited (31). Other evidence, to be 
presented elsewhere, points in the same direction. At this stage, however, it is 
sufficient to state that clinical tendon jerks, as conditioning measures or test 
procedures in man, may not with assurance be considered indicative solely of 
monosynaptic reflexes. 
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SUMMARY 


Spinal motoneurone excitability was tested by low-threshold afferent nerve 
volleys in normal persons and in patients with upper motor neurone lesions, 
Characteristic features shared in common by lesions of hemisphere, brain-stem 
and upper spinal cord have been described and compared with those in normal 
persons. 

Regardless of tone and clinical reflex activity, little difference in motor nerve 
cell excitability was revealed by solitary volleys. When, however, the central 
nervous system had previously been subjected to low-threshold afferent volleys 
from the periphery, striking differences in the recovery patterns of excitability 
appeared between the two groups. With intact upper motor neurones, depres- 
sion was much greater and of longer duration. When conditioning afferent 
stimuli were stronger, as following tendon tap or more intense electrical nerve 
stimulation, this depression was even more prominent. 

These results suggest that intact upper motor neurones, common to the re- 
gions cited, affect motor nerve cell excitability in response to low-threshold 
afferent volleys from the periphery. In keeping with the results of animal in- 
vestigations, this control is probably exerted ultimately through spinal inter- 
nuncial mechanisms. 


See page 273 for references 
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Despite certain clinical features shared alike by all lesions producing upper 
motor neurone signs, there are undoubtedly usually differences, apart from lo- 
calizing signs, which may distinguish damage high in the neuraxis from that 
lower down. Flexor and extensor spasms, for example, are not features of the 
former, though frequent with the latter. For the most part, tendon reflexes are 
more brisk with lower lesions unless paraplegia-in-flexion intervenes. The dis- 
tribution of spasticity may often be confused by the emergence of complex 
integrative reflexes of spinal origin. With incomplete lesions, as is usually the 
case Clinically, these differences are, however, not constantly encountered, and 
certainly one frequently finds hemiplegic patients with much brisker reflexes, 
and often with more spasticity, than many subjects with spinal lesions. In 
neither group are spasticity and reflex activity necessarily commensurate. De- 
spite these discrepancies, considerable stress has been laid by physiologists on 
the role of damage to extrapyramidal pathways, descending from brain-stem, 
in the production both of spasticity and hyperreflexia by lowering thresholds 
of myotatic reflexes (49, 35, 36). In view of the difficulties in completely recon- 
ciling the results of such studies with findings in the clinic, an attempt has been 
made to search in patients with brain-stem and lower lesions, for changes in 
motoneurone excitability additional to those shared in common with patients 
whose upper motor neurones signs resulted from damage at a higher level. 


PROCEDURE 


The subjects were described in the preceding paper (33). They were fifty patients with 
upper motor neurone signs of varying degrees of severity and duration. Of these, eighteen had 
lesions localized clinically, or at subsequent necropsy, to hemisphere or upper brain-stem. 
Thirty-two had damage to lower brain-stem or spinal cord well above the spinal segments 
tested. Of the latter, thirteen had physiologically, or anatomically, complete cord transections 
at different spinal cord levels. One additional patient with amyotrophic lateral sclerosis, who 
was sufficiently free of dorsolumbar lower motor neurone damage for our purpose, was also 
studied. 

The experimental procedures, and methods of stimulation and recording, have been de- 
scribed in the preceding paper. No sedation was used. 

245 











TEASDALL, PARK, LANGUTH AND MAGLADERY 


RESULTS AND INTERPRETATIONS 


Precise localization on a clinical basis of the site and extent of a brain-stem 
lesion is at best only relative, and often impossible. Likewise, verification by 
histological means, as may be possible in some instances, has limits to its ac- 
curacy. It is therefore not possible to state categorically that the two groups 
of lesions to be discussed in this paper were situated rostral on the one hand, or 
caudal on the other, to a definite level in the brain-stem. It can only be said 
that that division lay, as accurately as could be determined, in the pontine 
region. It would not be far wrong to describe as higher lesions those in upper 
pons, midbrain, capsule and cortex. The lower group, then, would comprise 
lesions of lower pons, medulla and spinal cord. The causes have already been 
mentioned in the preceding paper. 


1. Patients with Lesions in Upper Brain-stem and Higher 


Little further attention need be devoted to this group. Differences from nor- 
mal were simply those due to upper motor neurone damage (33). It is impor- 
tant, however, to emphasize that in these patients, as in normal persons, low- 
threshold afferent volleys from weak stimulation of the appropriate nerve 
trunks did not produce detectable monosynaptic H reflexes in anterolateral 
muscles of leg, extensor muscles in the forearm, nor in small muscles of hand or 
foot. The records of Figure 1, for example, illustrate the results, in a hemiplegic 
patient, of stimulating the peroneal nerve through needle electrodes in the 
popliteal fossa. Action potentials were recorded, through surface electrodes, 
from the anterolateral group of muscles. The records, in sequence, resulted from 
successively stronger shocks to the nerve trunk. With all but the more intense 
stimuli, the only deflection (M) appeared with a latency of about 8 milliseconds. 
It indicated excitation of muscle fibres by centrifugal impulses in motor axones 
stimulated directly by the shock. With stronger nerve stimulation (records 4 
and 5) this was followed by a high-threshold F response (30). 


2. Patients with Lesions in Lower Brain-stem and Spinal Cord 


a) Results with Single Nerve Volleys 

In contrast, the subsequent figures of this paper show representative results 
of similar studies in patients with lesions of the lower group. They were found 
in all patients with spinal cord damage, provided only that appropriate periph- 
eral pathways were intact and that the lesion was at least two or three segments 
rostral to the segment tested. Results were similar in the presence of complete 
transections or incomplete destruction. They were likewise present in all those 
patients with lower brain-stem damage who showed upper motor neurone signs 
Two additional patients were examined who had had abrupt onset of symptoms 
and signs compatible with small lower brain-stem vascular lesions. They did 
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not, however, show any upper motor neurone signs despite repeated examina- 
tion. In these two patients, monosynaptic testing of spinal segments revealed 
no abnormalities. 
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Fic. 1. Action potentials from anterolateral muscles of leg in hemiplegic patient. Surface 
electrodes. Single shocks of increasing intensity to peroneal nerve in popliteal fossa. 
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Fic. 2. Action potentials from anterolateral muscles of leg in patient with mid-cervical 
spinal cord lesion. Sufrace electrodes. Single shocks of increasing intensity to peroneal nerve 
in popliteal fossa. 


The action potentials of Figure 2 followed stimulation of the peroneal nerve 
of a patient with a traumatic mid-cervical lesion. They were recorded, through 
surface electrodes, from the anterolateral muscles of the leg. The records, in 
sequence, were produced by successively stronger nerve shocks. From records 
2 and 3 it may be seen, in contrast to Figure 1, that a considerable reflex dis- 
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charge was elicited by stimuli too weak to activate directly motor axones. The 
only deflections appeared with a latency of 30 milliseconds. Low threshold and 
latency were thus comparable to those characterizing the monosynaptic H 


reflexes (31) encountered normally only in calf muscles. Another common fea- 


ture was the response to successively stronger nerve stimulation. In record 4, 
for example, a more intense shock not only increased the reflex discharge but 
also produced an additional preceding deflection of shorter latency. This earlier 
potential is readily identified from the succeeding records (5 and 6) as an M 
wave (30) resulting from direct excitation, by the shock, of motor axones. As 
the initial deflection increased in size, the reflexly-produced potential declined 
(records 5 and 6). This blockage, with increasingly stronger shocks to mixed 
nerves, has previously (31) been found characteristic of monosynaptic H re- 
flexes detected in calf muscles. 
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Fic. 3. Action potentials from hypothenar muscles in patient with high cervical spinal 
cord lesion. Surface electrodes. Single shocks of increasing intensity to ulnar nerve above 
wrist. 


In the experiment illustrated by Figure 3, the action potentials were recorded 
in a similar fashion from the hypothenar group of small hand muscles following 
stimulation of ulnar nerve above the wrist. The patient was paraplegic from an 
incomplete high cervical lesion. In records 1 and 2, stimulation was insuf- 
ficiently intense to produce any evidence that motor axones had been excited. 
Yet the reflexly-evoked deflection, labelled H, attained considerable size. 
In record 3 it was even larger, and a small preceding dip indicated that a few 
motor nerve fibres had been effectively stimulated as well. When, as in record 
4, these were sufficiently numerous, some blockage of the reflex discharge 
occurred. Though not illustrated here, still stronger shocks completely blocked 
the low-threshold reflex. 

Similar results were obtained from extensor muscles in forearm, and small 
muscles of foot, following single shocks of increasing intensity to radial and 
plantar nerves, respectively. As might be anticipated from these results, it was 
also found that the threshold within the cord for reflex discharge of the mono- 
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synaptic H reflexes to calf muscles was also considerably lower than in normal 
persons or patients with cerebral or upper brain-stem lesions. This observation, 
coupled with similarities in latency and threshold, and blockage by strong 
volleys, further suggests that all these reflexes rest on a common monosynaptic 
basis. It seems apparent, then, that enhanced reflex discharge of spinal moto- 
neurones by low-threshold, high velocity, afferent nerve volleys was a general 
phenomenon in patients of this group. 
b) Motoneurone Excitability Following Afferent Nerve Volleys. 

Excitability of those spinal motoneurones innervating the groups of muscles 
discussed in the present paper was also tested during recovery from prior 
volleys from the periphery. The purpose was two-fold—to ascertain whether 
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Fic. 4. Action potentials from anterolateral muscles of leg in patient with low cervical 
spinal cord lesion. Surface electrodes. Single liminal shock to peroneal nerve in popliteal 
fossa evoked reflex of record 5. In records 1 to 4, this was preceded by similar conditioning 
shock at same nerve site at intervals of 8, 16, 45, and 64 milliseconds. 


the patterns were similar to that described in the preceding paper for the 
lumbosacral neurones supplying calf muscles—and, if so, to identify further 
thereby the low-threshold reflexes here reported with H reflexes which have 
already been shown to be monosynaptic. 

For anatomical reasons, tendon taps were not sufficiently reproducible to 
permit comparative study of subsequent recovery in motoneurone excitability. 
It can be reported merely that, as in the studies from calf muscles, the testing 
reflex was strongly suppressed by the preceding blow. 

Satisfactory studies were, however, made of recovery in motor nerve cell 
excitability following synchronous volleys discharged from the periphery by 
single shocks. The results are shown in succeeding figures. The subject of the 
experiment illustrated by Figure 4 had a low cervical cord lesion. Records were 
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obtained from his anterolateral muscles. The action potential (H2) of record 
5 was evoked reflexly by the liminal afferent volley in peroneal nerve which was 
used for testing. The remaining records illustrate changes in the reflex when 
conditioned by a preceding similar shock to the same nerve trunk. When the 
two stimuli were separated by 8 milliseconds, as in record 1, predominant 
facilitation was revealed by the appearance of the test reflex. In record 2, where 
the interval was 16 milliseconds, this facilitatory phase had almost ended and 
the testing afferent volley caused almost no reflex discharge. Early depression 
is also apparent from record 3. It was, however, of fairly short duration. Al- 








HI io 
1 —, -A\— 
2 -2~ A-~— 
ie n a 
4 -—\- |;- 

8 msec. 
5 — ——/ 

H2 


Fic. 5. Action potentials from hypothenar muscles in patient with high cervical spinal 
cord lesion. Single liminal shock to ulnar nerve above wrist evoked reflex of record 5. In 
records 1 to 4, this was preceded by similar conditioning shock at same nerve site at intervals 
of 6, 10, 16 and 38 milliseconds. 


ready in record 4, a testing afferent volley, 64 milliseconds after the first, caused 
reflex discharge of motor nerve cells equal to its unconditioned value. Similar 
results were obtained from the other muscle groups under consideration. 
The records of Figure 5, for example, were recorded from hypothenar muscles 
of a different patient with a higher cervical cord lesion. In record 5, the testing 
afferent volley in ulnar nerve evoked the reflex H2. In the remaining records, 
it was preceded by a similar shock to the same nerve. The same pattern of 
recovery, with facilitation followed by early depression, is apparent. 

Later features of this pattern may be seen more readily from the records of 
Figure 6 when the cathode ray beam was swept more slowly. By itself, the test- 
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ing afferent volley produced reflexly the action potentials of record 6 (H2). 
When it followed a similar preceding volley by 50 milliseconds (record 1) some 
early depression was still present though considerable reflex discharge did 
occur. Recovery was almost complete in records 2 and 3 at intervals of 100 
and 200 milliseconds respectively. Secondary depression, as indicated by 
record 4, then supervened. Excitability had, however, almost returned to 
normal in the final record of the figure. When stronger conditioning volleys 
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Fic. 6. Action potentials from anterolateral muscles of leg in patient with low cervical 
spinal cord lesion. Surface electrodes. Single liminal shock to peroneal nerve in popliteal 
fossa evoked reflex of record 6. In records 1 to 5, this was preceded by similar conditioning 
shock at same nerve site at intervals of 50, 100, 200, 600 and 900 milliseconds. 


were employed, as exemplified by Figure 7, early depression was somewhat 
longer than when weak conditioning shocks were used, but it may be seen from 
record 1 that recovery was well underway by 100 milliseconds. This was main- 
tained in record 2 but thereafter secondary depression was evident. 

The early features of recovery indicated in the graphs of Figure 8 were found 
in all thirty-two experiments of this kind when the anterolateral group of mus- 
cles was used for testing purposes. It is apparent that there are no essential 
differences between the characteristics here shown and those previously re- 
ported from calf muscles in patients with upper motor neurone lesions (33). 
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Facilitation, comparable in every way, followed liminal conditioning volleys, 
It decayed over 15 to 25 milliseconds, being succeeded by early depression, 
Recovery from the latter, though sometimes more rapid than detected in calf 
muscles of some hemiplegic patients, was on the whole much the same as that 
recorded from calf in patients generally with upper motor neurone signs. The 
crest of this regained excitability was then interrupted in most instances by 











Fic. 7. Action potentials from anterolateral muscles of leg in patient with low cervical 
spinal cord lesion. Surface electrodes. Single liminal shock to peroneal nerve in popliteal 
fossa evoked reflex of record 6. In records 1 to 5, this was preceded by stronger condi- 
tioning shock at same nerve site at intervals of 100, 160, 360, 600 and 900 milliseconds. 
The photograph of the action potential due to the conditioning volley is shown at full 
height in record 1: in succeeding records it has been cut for economy of space. 


late depression. In certain cases, however, it was maintained. When the other 
groups of muscles were used, namely extensor muscles of forearm and small 
muscles of hand and foot, the early characteristics of the recovery curves were 
likewise similar to those shown in Figure 8. Facilitation, early depression, and 
prompt recovery from the latter, were all present. In these groups, however, it 
was exceptional to encounter the secondary depression. The reason for this 
discrepancy is not clear. Resting muscle tension has been passively altered, 
positions changed, and so on without effect. It simply cannot be stated at this 
juncture whether absence of secondary depression in these regions constituted 
an experimental artefact or whether, in fact, it represented a true unexplained 
phenomenon. 
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REFLEX ACTIVITY IN PATIENTS. 


CERVICAL CORD LESION 


Amplitude of Testing Anterolateral H Reflex 
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Fic. 8. Amplitude of testing low-threshold reflex after reflex evoked by preceding 
nerve shock, at intervals shown, to same peroneal nerve in popliteal fossa. Patient with 
low cervical spinal cord lesion. Ordinate—motoneurone excitability expressed as percen- 
tage of amplitude of unconditioned test reflex. Abscissa—time between single nerve 
shocks expressed in milliseconds. 





TABLE I 


H REFLEXES 
To anterolateral, forearm extensor and 
distal small muscles. 








Normal persons Suppressed 

Lesion Upper Brainstem Suppressed 
and higher 

Lesion Lower Brainstem Released 
and lower 





Although the low-threshold spinal reflexes revealed by the present means of 
testing have not yet been proven monosynaptic by studies of spinal root action 
potentials, they have shown all the characteristics so far described for H re- 
flexes. Since there is good reason to believe that the latter are subserved by 
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two-neurone arcs (31), it seems reasonable to assume that those described here 
rested on a similar basis. This assumption has already been implied in the 
labelling used in the figures and in the descriptive terms of Table I. This table 
has been prepared to summarize the differences in motoneurone excitability 
between upper and lower lesions of the neuraxis. In the former, as in normal 
persons, H reflexes were never recognized in action potentials from certain distal 
groups of muscles. In the latter, they were readily detected. 


3. Relation to Physical Findings 


Unfortunately, it has not yet been possible to correlate closely the removal 
of monosynaptic reflex suppression, which forms the substance of this paper, 
with any evident physical findings. There have only been two clinical criteria 
accompanying that removal, namely, some signs of upper motor neurone 
damage, and the situation of a lesion in lower brain-stem or spinal cord. Dis- 
closure of the low-threshold reflex was just as evident, for example, in certain 
patients with minimal cord damage and only minor upper motor neurone 
signs below that level, as in others with complete transections of spinal cord. 
It was similar, to emphasize this further, whether the patient showed marked 
sensory impairment or loss below the lesion, or if conscious sensory appreci- 
ation were normal. It bore no relationship to the presence or absence of those 
signs commonly attributed clinically to damage of cerebellum (17). It certainly 
did not by any means, as mentioned earlier, parallel the degree of spasticity or 
tendon jerk activity manifested by the patient. The release from suppression, 
moreover, was equally prominent in the patient paraplegic from amyotrophic 
lateral sclerosis, in whom flexor movements did not occur, as in those subjects 
in whom they were distressingly frequent. 


DISCUSSION 


It was disappointing to encounter, in these patients with lower brain-stem 
and spinal lesions, such striking enhancement in excitability of spinal moto- 
neurones without being able to correlate it strictly with the presence, or in- 
tensity, of specific clinical signs. This in itself is, however, of considerable 
physiological interest. There can be little doubt that the spinal motoneurones 
of the group of patients with lower lesions were discharged reflexly by afferent 
nerve volleys of intensity normally ineffective. Since the increased excitability 
occurred regardless of distance of tested spinal segment from the actual lesion, 
it seems probable that the latter had interrupted certain pathways through 
which normally monosynaptic discharge of motoneurones was continually 
suppressed. Surely, then, absence of strict correlation with degree of spasticity 
or increased reflex activity must suggest strongly that these clinical phenom- 
ena in man may not be wholly, or perhaps even essentially, dependent on 
enhanced monosynaptic reflexes of this sort. It poses indeed the question 
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whether other spinal reflexes, not yet described but possibly of higher threshold 
and greater complexity, may not, in addition to the known two-neurone arcs, 
play an important role in heightened (and possibly also in normal) myotatic 
activity (see also 40). If that is so, the practical importance of the monosynaptic 
arc may be more obscure, and interpretations of motoneurone excitability 
resting on this basis alone lose considerable functional value. 

Since release of low-threshold reflexes to upper limbs did not occur when up- 
per dorsal cord had been transected, it seems clear that it could not be related 
to the Schiff-Sherrington phenomenon (42). Rather it suggests that the normal 
suppression of monosynaptic discharge of motoneurones is exerted through 
descending fibres. The pathways cannot, however, be identified from the present 
experimental material. That suppresssion was absent only when there were 
also upper motor neurone signs may well suggest that they were anatomically 
fairly close to corticospinal tracts lying ventral and lateral in lower brain-stem 
and spinal cord. Likewise, the finding of unaltered reflex thresholds in other 
patients with Horner’s syndrome and nystagmus, but no evidence of upper 
motor neurone damage, points in the same direction, as does independence of 
changes in conscious sensory appreciation. Furthermore, since the release from 
suppression only occurred when the damage was in lower brain-stem or below, 
it is tempting to infer that the descending controlling volleys normally arose 
from, or were mediated through, the ventral part of the bulbar reticular forma- 
tion. It was from this region in the cat that Magoun and Rhines (34) discharged 
descending impulses which inhibited certain spinal reflexes. 

From the present experiments, there is no information, even comparable to 
the above-mentioned scanty data, to identify the significant afferent limbs of 
the pathways from periphery to the lower brain-stem. In view of the reasonable 
agreement of our findings, however, with those of Magoun and Rhines (34) in 
cats, it may be pertinent to consider certain likely possibilities, based solely on 
analogy with animal experiments. Although afferent connections to the lower 
bulbar reticular formation have not yet been delineated in a completely satis- 
factory fashion, the relation to anterior cerebellum is close. The experiments, 
for example, of Snider, McCulloch and Magoun (44) have established fairly 
clearly the functional relationships of the anterior lobes and paramedian lobules 
to lower reticular formation. It is to this cerebello-reticular-reticulospinal 
mechanism that strong inhibitory influences on spinal motoneurones have 
been attributed in cats (38). Though unproven, similar connections may well, 
in man, mediate the suppression described in the present paper. If such were the 
case, it would implicate strongly the anterior lobe of cerebellum as an im- 
portant centre in suppressing reflex excitability of human spinal motor nerve 
cells. 

There is more precise information to identify, in cats, afferent pathways 
conducting high-velocity, low-threshold, volleys from muscles of hind limbs to 
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cerebellum. Lloyd and McIntyre (29) have clearly established that the largest 
Group I afferent fibres, serving muscle, terminate for the most part in the upper 
lumbar and lower thoracic segments. In their intraspinal course, they come into 
relation with the cells of Clarke’s column and thus establish a relay to the 
dorsal spino-cerebellar system of Flechsig. That system had previously been 
shown by Grundfest and Campbell (16) to arise from the cells of Clarke’s 
column and to conduct, at high velocities, afferent impulses from muscles. 
Added importance to the present inferences lies in the fact that Grundfest and 
Campbell could not activate this pathway by stimulation of skin afferent 
fibres. Central projection of the spino-cerebellar system to cerebellum, or 
possible relays there, have, unfortunately, been less clearly defined. It seems 
probable, however, from the experiments of Brookhart, Moruzzi and Snider 
(5) that impulses from muscle are eventually relayed to anterior lobe of cere- 
bellum. 

It must be emphasized that these results from animal experimentation have 
been interpolated solely to indicate a possible mechanism for the suppression 
of human motoneurone excitability normally produced by low-threshold af- 
ferent volleys. As indicated above, the material presented in this paper does not, 
in any sense, justify more than a mere suggestion that the pathways may be 
comparable in cats and man. If the identification is correct, however, the 
present findings must sound a note of caution in assigning to destruction of 
that mechanism too strict or exclusive a role in the emergence of either clinical 
spasticity or hyperreflexia. 


SUMMARY 


In normal persons, and in patients with upper motor neurone damage due 
to lesions above middle of brain-stem, low-threshold afferent volleys in the 
appropriate nerve trunks have not discharged detectable monosynaptic re- 
flexes to certain distal muscle groups. When, however, the upper motor neurone 
signs were due to damage in lower brain-stem or spinal cord, reflex discharge of 
spinal motoneurones by similar afferent volleys was regularly encountered. 
These low-threshold responses bore all the characterizing features previously 
described for monosynaptic H reflexes. Identification of the pathways which, 
when intact, effected this complete suppression of motor nerve cell discharge 
by low-threshold afferent volleys has not been possible from the present data. 
Analogy to a spinocerebellar-cerebellar-reticular formation—reticulospinal 
mechanism in animals has been suggested. Factors, other than destruction of 
these pathways, may be more important in determining spasticity and hyper- 
reflexia in man. 


See page 273 for references 
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III. MOTONEURONE EXCITABILITY FOLLOWING AFFERENT NERVE VOLLEYS 
IN PATIENTS WITH ROSTRALLY ADJACENT SPINAL CorD DAMAGE 
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In the preceding two communications, attention was drawn to certain 
features in the control of motoneurone excitability found to be altered in the 
presence of neurological disease. Insufficient correlation of these findings with 
clinical signs, however, made it seem likely that there are other, perhaps more 
important, factors in the production of spasticity and hyperreflexia. One such 
factor might readily consist of damage, under certain conditions, to proprio- 
spinal integrative mechanisms. This possibility gains strength from the fre- 
quent finding, in patients with extensive intrinsic spinal cord disease but no 
evidence of lower motor neurone damage, of disproportionately high degrees 
of spasticity and hyperreflexia. For example, these signs are often encountered 
in paraplegic patients with disseminated sclerosis or subacute combined de- 
generation of the cord. The frequency of their occurrence, in comparison with 
patients with more localized incomplete spinal cord damage due to trauma or 
tumor, might suggest that mere proximity of the reflexly-activated moto- 
neurones to sites of spinal cord damage may be an important causal factor. 
Possibly, for instance, propriospinal integrative mechanisms with an inhibitory 
or controlling influence on this reflex discharge may be interrupted when 
intrinsic cord damage takes place adjacent to the spinal cord segment being 
tested clinically. It seemed important, therefore, to search for evidence of the 
existence of such mechanisms. It is the purpose of this paper to present the 
results of subjecting patients, paraplegic due to disseminated sclerosis, to the 
investigative procedures previously described. For comparison, similar studies 
were made in patients with more discrete traumatic lesions at different spinal 
cord levels. 


PROCEDURE 


The experimental material consisted of seven patients, chronically paraplegic to varying 
degrees because of extensive disseminated sclerosis, and twenty-two patients with traumatic 
lesions at various spinal cord levels. Of the latter, thirteen had sustained physiologically, or 
anatomically, complete cord transections at least several months previously. Of necessity, 
these complete lesions were situated below C4. The experimental procedures, and methods of 
stimulation and recording, have been described previously. No sedation was used. 
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RESULTS AND INTERPRETATIONS 


By definition, all the patients of this series had spinal cord lesions and upper 
motor neurone signs. It was found, therefore, that the thresholds for mono- 
synaptic reflex discharge of motor nerve cells were lower than those encoun- 
tered in normal subjects or patients with lesions above the pons (45). Consider- 
able reflex discharge from afferent volleys occurred with intensities of nerve 
stimulation inadequate to excite motor axones. These differences between 
thresholds of reflex discharge and direct excitation of motor axones were, how- 
ever, no greater in the presence of diffuse cord disease or adjacent damage, 
than in patients with more remotely rostral spinal lesions. This was equally 
true of the known monosynaptic reflexes to calf muscles, and of those similar 
low-threshold reflexes to other distal muscles described in the preceding paper. 

The patterns of recovery in motor nerve cell excitability following afferent 
volleys, when cord lesions were remotely distant from the spinal segment 
tested, have been described previously (33). One feature, and true of the 
present experiments as well, was that recovery from early depression was inter- 
rupted by that subsequent decrease in excitability which we have termed late 
depression. In all seven patients with disseminated sclerosis, however, and the 
six persons who had traumatic lesions situated within two or three segments 
rostral of the segment tested, late depression did not occur. This absence of 
depression was found whether the conditioning volleys resulted from tendon 
tap or single electric shocks to the nerve trunk. This demonstration forms the 
substance of the present paper. 


1. Motoneurone Excitability Following Tendon Tap 


The records of Figure 1 illustrate representative results obtained from all 
seven patients with disseminated sclerosis. They may be compared with 
Figures 4 and 5 of Magladery, Teasdall, Park and Languth (33). Clinically, the 
subject of this particular experiment showed marked spasticity in extension, 
with heightened reflex activity and clonus. Similar results were, however, ob- 
tained from other patients in whom these physical signs were less pronounced. 
The initial deflections in the first 5 records were action potentials produced 
reflexly in calf muscles in response to weak taps on Achilles’ tendon. In record 
6, the deflection of the unconditioned testing monosynaptic reflex evoked by 
liminal stimulation of posterior tibial nerve has been labelled H. In records 
1 to 5, a similar nerve volley followed the tendon tap at different intervals. 
It is apparent that the testing reflex was completely suppressed at the short 
interval of record 5. There was no detectable facilitation at shorter intervals. 
In contrast, however, to the results with upper motor neurone damage gen- 
erally, and even more so with those in normal persons, this initial early de- 
pression was of very short duration. There was prompt and maintained recovery 
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of motor nerve cell excitability. Mean values of data from this experiment 
have been plotted diagrammatically in the upper graph of Figure 2. The 
figure also shows in the lower graph the recovery pattern, when similarly 
tested, after very heavy blows to the Achilles’ tendon. These curves are repre- 
sentative of results obtained from all seven patients with disseminated sclerosis, 
and the only two patients with adjacent cord damage so tested. Too rigid 
comparison may not justifiably be made between these results and those from 




















Fic. 1. Action potentials from calf muscles. Patient with disseminated sclerosis paraplegic 
in extension. Surface electrodes. Record 6—H reflex from liminal shock to posterior tibial 
nerve in popliteal fossa. Records 1 to 5—similar nerve shock at intervals of 700, 350, 220, 
90 and 40 milliseconds respectively after light mechanical tap on Achilles’ tendon. 


normal subjects or persons with remote upper motor neurone lesions. Never- 
theless, it is apparent that, after the initial depression of motoneurone dis- 
charge, little evidence of suppression was found in these patients with diffuse 
or adjacent cord involvement. Excitability returned more rapidly after early 
depression and late depression was absent following all but the heaviest blows. 


2. Motoneurone Excitability Following Afferent Nerve Volleys 


As previously discussed, reliability of recovery patterns in spinal motor nerve 
cell excitability following tendon tap suffered from unavoidable fluctuation in 
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intensity of the conditioning stimulus, and from the likelihood that even the 
lightest blow activated more than lowest-threshold afferent fibres. In these 
patients, therefore, the motoneurone pool was also tested by low-threshold 
afferent impulses at various intervals after prior conditioning by single elec- 
trically-discharged volleys. The results were similar, whether the spinal cord 
damage was diffuse, or merely localized within a few segments of the segment 
tested. In the experiment illustrated by Figure 3, a testing liminal stimulus to 
posterior tibial nerve evoked reflexly the action potentials from calf muscles 


ROSTRALLY ADJACENT CORD DAMAGE 


Amplitude of Testing Monosynaptic H Reflex 
|. after light tendon tap 
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Fic. 2. Amplitude of liminal monosynaptic H reflex after mechanical tap, at intervals 
shown, to Achilles’ tendon. Patient with disseminated sclerosis. Ordinate-percentage of 


height of unconditioned testing reflex. Abscissa-time between tendon tap and testing stimulus 
to nerve trunk expressed in milliseconds. 





(H2) of record 6. The remaining records show changes in that reflex when 
conditioned by a preceding similar shock to the same nerve trunk. When the 
volleys were separated by 8 milliseconds (record 1), a reflex response to the 
second shock indicated the existence of facilitation. It was short-lived, and in 
record 2, with an interval of 14 milliseconds, the testing afferent volley was 
ineffective. The ensuing period of early depression was, likewise, brief. Al- 
ready in record 4, when tested 70 milliseconds after conditioning, reflex dis- 
charge of motor nerve cells was virtually complete. Excitability at longer 
intervals after the initial nerve volley may be judged from the records of 
Figure 4, taken from another experiment in which the cathode ray beam was 
swept more slowly. In record 2, 170 milliseconds after a preceding volley, the 
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Fic. 3. Action potentials from calf muscles of patient with traumatic adjacent cord dam- 
age in low thoracic region. Surface electrodes. Record 6—H reflex from liminal shock to 
posterior tibial nerve in popliteal fossa. In records 1 to 5, this was preceded by similar condi- 
tioning shock at same nerve site at intervals of 8, 14, 20, 70 and 80 milliseconds. 
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Fic. 4. Action potentials from calf muscles. Patient paraplegic with disseminated sclerosis. 
Surface electrodes. Single liminal shock to posterior tibial nerve in popliteal fossa evoked H 
reflex of record 6. In records 1 to 5, this was preceded by similar conditioning shock at same 
herve site at intervals of 100, 170, 350, 800 and 1000 milliseconds. 
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testing monosynaptic reflex was of its unconditioned size. This was maintained, enh 
as seen from records 3, 4 and 5, despite increasingly longer separation between dep 
conditioning and testing volleys. mos 

When stronger conditioning volleys were employed, there was no evidence uset 
of facilitation. Early depression was comparable to that described in the pre- thir 
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Fic. 5. Action potentials from calf muscles. Patient with disseminated sclerosis. Surface 








electrodes. Single liminal shock to posterior tibial nerve in popliteal fossa evoked H reflex | 
of record 6. In records 1 to 5, this was preceded by stronger conditioning shock at same a 
nerve site at intervals of 100, 150, 250, 640 and 900 milliseconds, respectively. See text. The i 
photograph of the action potential due to the conditioning valley is shown at full height in t 
record 1: in succeeding records it has been cut for economy of space. F an 
pre 
ceding paper. There was not quite, however, complete uniformity in the sub- pl 
sequent course of recovery in motoneurone excitability. In all but a few in- ea! 
stances, it returned rapidly to normal and remained at that level thereafter. | de 
In Figure 5, for instance, a testing volley 250 milliseconds after conditioning In 
(record 3) evoked a reflex discharge of normal size which was maintained at ts ea 
longer intervals. In a few experiments, however, recovery from early depression / lat 
was not only complete, but there was actual enhancement of excitability to the f in 
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enhancement occurred, there was usually a corresponding subsequent phase of 
depression before eventual recovery. Whereas this uncommon pattern was, in 
most instances, encountered only when excessively strong initial stimuli were 
used, this was not always the case. There were two individuals of the whole 
thirteen in whom all but liminal conditioning volleys were always followed by 
this late enhancement of motoneurone excitability to monosynaptic reflex 
testing. 

Apparently, then, similar patterns of recovery in spinal motoneurone ex- 
citability after afferent volleys were shared by patients with diffuse cord disease 


ROSTRALLY ADJACENT CORD DAMAGE 


Amplitude of Testing Monosynaptic H Reflex 
|. after liminal afferent volley 
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Fic. 6. Amplitude of testing monosynaptic H reflex after reflex evoked by preceding nerve 
shock, at intervals shown, to same posterior tibial nerve in popliteal fossa. Patients with 
rostrally adjacent or diffuse cord damage. Ordinate—percentage of height of unconditioned 
testing reflex. Abscissa—time between nerve shocks expressed in milliseconds. 


and individuals with traumatic lesions which lay within a very few segments 
proximal to the tested motor nerve cells. The course of recovery has been 
plotted in Figure 6, in the manner described previously (33). Facilitation and 
early depression followed liminal conditioning volleys (upper graph); only 
depression was found when the initial bombardment was stronger (lower graph). 
In common with all patients with upper motor neurone lesions return from 
early depression was sooner than encountered in normal subjects. Only in the 
later stages of recovery in motoneurone excitability, were differences detected 
in the patient material. These may be seen more readily from the comparative 
graphs of Figure 7, in which mean recovery curves have been plotted from 
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experiments on the two different groups of patients with spinal cord lesions, 
Those in broken lines indicate the pattern encountered with damage well re- 
mote from the spinal segment tested. In the experiments illustrated by the solid 
lines, the lesions were situated within two or three segments of the tested spinal 
segment, or were diffuse throughout the cord. It is apparent that recovery from 
early depression was not interrupted, in those patients with diffuse cord disease 
or rostrally-adjacent damage, by subsequent late depression. 


COMPARISON 
= = Remote upper motor neurone lesions 
—— Rostrally adjacent cord damage 
|. after liminal afferent volley 
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Fic. 7. Amplitude of liminal monosynaptic H reflex after reflex evoked by preceding 
nerve shock, at intervals shown, to same posterior tibial nerve site. Broken lines—from pa- 
tients with remote traumatic cord lesions. Solid lines—from patients with disseminated 
sclerosis or rostrally adjacent cord damage. Ordinates as in Figure 6. 


DISCUSSION 


The results of the experiments described in this communication merit some 
attention as possibly indicative, in man, of propriospinal integrative systems 
controlling reflex discharge of motoneurones. Two other mechanisms have 
already been suggested in the preceding papers of this series. With upper motor 
neurone damage generally, the threshold to low-threshold reflex discharge was 
little lower than normal. It was only after the neuraxis had been previously 
activated from the periphery that recovery from early depression of excit- 
ability was found more prompt and complete than in normal persons. When, 
however, the lesion was situated in lower brain-stem or spinal cord, the thresh- 
old itself was also greatly lowered, and sufficiently so to uncover, in certain 
distal muscles. low-threshold reflexes which were completely suppressed in 
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normal subjects. These observations suggested the existence normally of sup- 
pression dependent not only on intact upper motor neurones, but also on some 
mechanism going as high as lower brain-stem. When, however, damage to the 
neuraxis was remote from the spinal segments tested, late depression of moto- 
neurone excitability was always found prominently in calf muscles. 

In the experiments described in this paper, intrinsic cord disease was judged 
to be present on clinical grounds, either diffusely throughout the lower cord, or 
more discretely situated within a few segments rostral to the pool of moto- 
neurones tested. These patients were characterized by common features in 
recovery of motoneurone excitability after conditioning stimuli. When the 
latter consisted of single afferent volleys discharged by electric shocks to the 
nerve, prompt return from early depression was found and there was no evi- 
dence of late depression. Similar patterns followed tendon tap. Those excep- 
tional cases wherein, following early depression, excitability reached enhanced 
levels have not been satisfactorily explained. Despite the fact that it usually 
followed very strong nerve volleys in which, no doubt, many varieties of fibre 
were activated, this was not always found to be the case. In any case, it seems 
probable that the short-lived depressed excitability following such enhance- 
ment rested on a different basis than that which has received our attention 
throughout the present study. Some rebound following excessive discharge of 
any excitable system is a common biological phenomenon. 

It may be of some interest to consider possible mechanisms for the different 
recovery patterns herein described when the upper motor neurone lesions 
were accompanied by rostrally adjacent, or diffuse, spinal cord disease. Cer- 
tainly the thresholds of the motor nerve cells for monosynaptic discharge were 
similar to those encountered in the presence of more remote spinal lesions. 
Facilitation and the initial phases of early depression, likewise, were identical 
with those already found in the other groups of patients and in normal persons. 
It seems probable, therefore, that the differences in excitability, manifested by 
absence of late depression, did not indicate merely some intrinsic sensitization 
of the motoneurones themselves. For the same reasons, and also because re- 
covery patterns were identical in the presence of both adjacent traumatic 
damage and intrinsic cord disease, it would seem improbable that they arose 
from interference with antagonistic Group I inhibitory arcs (28). Moreover it 
has already been shown (33), that late depression, in normal persons and 
patients with remote upper motor neurone damage, was unaltered by procaine 
block of the nerve fibres from antagonistic muscles. More likely, therefore, the 
differences suggest that rostrally adjacent damage may interrupt some pro- 
priospinal integrative mechanism which normally suppresses monosynaptic 
reflex discharge of motor nerve cells. If that suggestion is correct, it is of 
considerable physiological interest, since it must normally be activated by 
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virtually liminal low-threshold afferent volleys (Figure 4). The data are 
insufficient to decide in any way whether the volley which activated the sup- 
pressive mechanism was the original one, whether it followed the initial muscle 
contraction, or both. Certainly time was adequate for any or all of these to be 
effective. Whether discharged from muscle, however, or by electric shocks of 
low intensity to nerve, low-threshold inhibitory pathways, collateral to the 
excitatory arcs, have not yet been spatially differentiated in animals. No in- 
formation as to their possible course and synaptic connections is, therefore, 
available for analogous comparison. It is of some interest, however, that Eccles 
(13) has recently found in the cat that reciprocal low-threshold inhibitory 
fibres ascend for a segment or two within the spinal cord before descending to 
converge on motoneurones. It may possibly be that a similar arrangement 
obtains in man within the same myotatic arc. Another possible explanation has 
been intimated by Lloyd and McIntyre (29). In their studies in cats it was 
found that the largest afferent fibres, serving muscle, terminated for the most 
part in the upper lumbar and lower dorsal segments by coming into relation 
with the cells of Clarke’s column. It may be through those connections, or other 
relays in that region, that the profound inhibitory effect is mediated. Such an 
interpretation might also be relevant to other results of the present studies. 
It will be recalled (45) that late depression was never prominent in our studies 
of upper extremity, even when causative lesions were remote. Experimental 
artefact seemed the most likely explanation for its absence. Lloyd and Mc- 
Intyre (29), however, mentioned no termination of ascending large afferent 
fibres in the cervical region, though there is no evidence that such was sought 
in view of the inherent experimental difficulties. Until shown to occur there, 
the possibility remains that in cats, and man, this postulated suppressive 
mechanism may not exist in the cervical cord. Clearly, however, either of these 
possible interpretations must constitute mere speculation in absence of further 
data. Perhaps their greatest value lies in animal investigative work that they 
may prompt, directed towards propriospinal suppressive mechanisms. 


SUMMARY 


In patients in whom upper motor neurone signs were due to diffuse spinal 
cord disease, or to cord damage rostrally adjacent to the motoneurones tested, 
thresholds to synchronous monosynaptic reflex discharge were similar to those 
found with more remote spinal lesions. Following conditioning volleys, how- 
ever, late depression was not found. It is suggested that this may have been due 
to interruption of a propriospinal suppressive mechanism, normally activated 
by low-threshold volleys, and situated in those adjacent regions. 


See page 273 for references 
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ELECTROPHYSIOLOGICAL STUDIES OF REFLEX ACTIVITY IN 
PATIENTS WITH LESIONS OF THE NERVOUS SYSTEM 


IV. A NoTE ON THE TENDON JERK 


R. D. TEASDALL, H. W. LANGUTH anv J. W. MAGLADERY 
The Subdepartment of Neurological Medicine, The Johns Hopkins University School of Medicine and 
Hospital and The Baltimore City Hospitals 
Received for publication June 3, 1952 


Descriptions of numerous tendon reflexes, or “tendon jerks,” appear in every 
text book of clinical neurology. Brisk, reflexly-produced, contraction of skeletal 
muscle follows a mechanical blow over, or in the vicinity of, its tendon. This 
response has long been used by physicians to assess integrity of afferent and 
efferent pathways of the appropriate spinal segment. Furthermore, differences 
in degree of such reflex activity have been recognized as important objective 
indications of central nervous system disease. Though of empirically-proved 
clinical value, the physiological significance remained obscure until the classical 
studies of Sherrington (43). Close analogy with similar muscular responses to 
stretch seemed then to indicate that they rested on a common basis. Identi- 
fication became more complete when Liddell and Sherrington (22) first defined 
in cats the myotatic arc to stretch and tap, and recognized its restricted distri- 
bution from and to the same muscle. Since that time it has been generally 
accepted that tendon jerks in man are, indeed, no more than contractions of 
muscle, reflexly produced by sudden stretch imposed on them (17). 

Of recent years, mechanisms underlying the myotatic reflex have been 
subject to numerous detailed animal investigations. Of fundamental importance 
was Lloyd’s (25, 26) demonstration that monosynaptic reflex discharge from 
stimulation of low-threshold Group I muscle afferent fibres, by electrical 
means or by brief muscle stretch, had the same specific distribution. Matthews 
(37) had already described two distinct patterns of low-threshold centripetal 
activity, resulting from muscle stretch or contraction, in what he termed A and 
B fibres. More recently these afferent discharges resulting from muscle stretch 
have been carefully studied by Kuffler, Hunt and Quilliam (20), Hunt and 
Kuffler (18) and Hunt (19). Their origin has been more closely identified with 
muscle spindles and tendon organs, the excitability of which, in turn, is in- 
fluenced by yet other small-fibre reflexes (19). 

In view of these studies, it is apparent that postural adjustments to muscle 
stretch and contraction, and likewise tendon jerks, can result from low-thresh- 
old monosynaptic reflexes activated from muscle spindles and tendon organs. 
It may be well, however, to await further information before attributing to 
those mechanisms too complete a role in these functions in man. Much of the 
267 
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muscle afferent fibre spectrum has been as yet unexplored in animals (4), 
Likewise the significance of certain end-organs, and free nerve endings, in 
muscle remains obscure. It may be justifiable therefore, at this time, to consider 
certain features of tendon reflexes in man which are somewhat difficult to 
reconcile completely with the information already available. 

1. The action potentials of Figure 1 were obtained through surface electrodes 
from skin overlying calf muscles of a normal person. In the lower record, sweep 
of the cathode ray beam was released by contact made when a percussion 
hammer lightly struck the skin over Achilles’ tendon. The large triphasic 
deflection with a latency of 38 milliseconds signalled the muscle action po- 
tentials reflexly produced by the blow. In record 1, the deflections followed an 


Fic. 1. Action potentials from calf muscles. Normal person. Surface electrodes. In record 
1, dot indicates stimulus artefact of single shock to posterior tibial nerve. First small deflec- 
tion is M potential from direct excitation of some motor axones; succeeding large potential 
that of low-threshold H reflex. In record 2, sweep of cathode ray beam tripped by tendon 
tap at dot; the large deflection is reflex response to the blow. 


electric shock to posterior tibial nerve in popliteal fossa (31). The stimulus was 
purposely made more intense than was necessary to activate solely low-thresh- 
old afferent fibres. The first small deflection, therefore, resulted from some 
centrifugal impulses directly discharged by the shock in a few motor axones. 
This was then followed by the large action potential reflexly evoked by the 
afferent nerve volley. The latency was 32 milliseconds. This low-threshold H 
reflex has previously been shown to be monosynaptic. Though not accurately 
measurable in man, the difference in latency found in the two records might 
well approximate conduction time of afferent impulses between distal part of 
muscle or tendon and popliteal fossa, plus mechanical delay associated with the 
blow. On the basis of these roughly comparable latencies, similar low thresholds, 
and analogy with the findings of Lloyd (27) in cats, it was assumed that the 
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tendon jerk rested largely, if not entirely, on a monosynaptic basis. That 
assumption gained support from the observation that some patients, func- 
tionally recovered from peripheral neuritis, had no detectable ankle jerks nor 
H reflexes (39). It neglected, however, the fact that recovery in motoneurone 
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Fic. 2. Action potentials from flexor muscles of forearm. Normal person. Surface elec- 
trodes. Records 1 and 2 show deflection accompanying weak and stronger “finger jerks.” 
Sweep of cathode ray beam released by blow of hammer. 
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Fic. 3. Action potentials from flexor muscles of forearm. Same subject as in Figure 2. 
Records in sequence produced by successively stronger single shocks to median nerve high 
in antecubital fossa. 


excitability was different following tendon tap than after a solely low-threshold 
afferent volley. Prolonged depression, comparable to that following even the 
lightest blow, has only been reproduced by electric shocks of such intensity 
(33) that many more than Group I fibres were excited. This observation in 
itself may well suggest that the tendon tap activated more than low-threshold 
afferent discharge. 
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2. Action potentials, reflexly produced in the “finger jerk,” are readily 
recorded from the large group of flexor muscles in the forearm. A blow on the 
tip of the radius causes similar discharge to brachioradialis and other flexors. 
In Figure 2, for example, are records from flexor muscles of a finger jerk in a 
normal person. The sweep of the cathode ray beam was, as mentioned before, 
released by the hammer blow. The multiphasic character of the potentials, 
probably due to the number of individual underlying muscles, is usual from this 
recording site. It can be seen, however, that a lightest blow (record 1) evoked 
considerable reflex discharge. Stronger tap (record 2) produced an even greater 
response to muscle stretch. 


1 A~ 








8 msec. 


Fic. 4. Action potentials from calf muscles. Patient incompletely paraplegic due to sub- 
acute combined degeneration of the cord. Records in sequence show stretch reflex response 
produced by successively stronger taps to Achilles’ tendon. Sweep of cathode ray beam re- 
leased by hammer blow. 


When, however, the median nerve of the same person was stimulated elec- 
trically through needle electrodes above the antecubital fossa (Figure 3), 
no evidence of low-threshold reflex activity could be obtained. That the site of 
stimulation was adequate is seen from the large muscle action potentials (M) 
which followed activation of motor fibres, and from the paraesthesias experi- 
enced by the subject. Apparently then, though low-threshold myotatic reflex 
discharge to this group of muscles was completely suppressed (45), good brisk 
tendon reflex responses occurred. 

3. The dissociation has seemed even greater in certain patients in whom 
there was combined peripheral and central damage. For example, two old 
alcoholic patients have been examined at intervals after becoming hemiplegic. 
In them, although ankle jerks could, with difficulty, be obtained on the hemi- 
plegic side, no low-threshold reflexes resulted from nerve shocks. More con- 
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vincing, however, was a patient who had been incompletely paraplegic from 
subacute combined degeneration of the cord (pernicious anemia) for years. 
She probably suffered, then, from damage to spinal cord and large peripheral 
afferent fibres (15). Her knee and ankle jerks were extremely brisk bilaterally. 
In Figure 4 are shown action potentials recorded from her calf muscles follow- 
ing blows, of graded intensity, to Achilles’ tendon. As can be seen, large re- 
flexly-produced deflections were recorded in response to this type of stimulation. 
Similar brisk reflex responses were found when her calf muscles were rapidly 
stretched by contraction of their antagonists (39). In Figure 5, for example, the 
recording electrodes lay over calf muscles. The dots signal stimulus artefacts 
produced when peroneal nerve was excited. The immediately succeeding de- 


Smsec. 


Fic. 5. Action potentials from calf muscles. Same subject as in Figure 4. Single shocks of 
increasing intensity to peroneal nerve to induce brisk dorsiflexion of foot. P—muscle defiec- 
tions spread from anterolateral muscles. C—reflex response to stretch in calf muscles. 


flections (P), similar in configuration and latency to much larger potentials 
detected over the contracting anterolateral muscles, were due to spread from 
that region. These were then followed by the repetitive stretch reflex discharge 
(C) in calf muscles described in the earlier communication. There can be little 
doubt, then, of the brisk responses occurring in this patient to muscle stretch. 

Nevertheless, when her posterior tibial nerve was stimulated electrically 
through needle electrodes, no low-threshold reflex discharge to calf muscles 
occurred. The records of Figure 6 were taken from such an experiment. It 
is apparent from the successively greater M deflections that excitation of motor 
axones was effective, yet no H reflexes appeared with any level of stimulus 
strength employed. Seemingly then, in this individual the heightened tendon 
reflex activity due to her spinal cord disease occurred despite damage to low- 
threshold afferent pathways. 
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While not, in any one instance, conclusive, these inconsistencies with the 
current supposition that tendon reflex activity depends on low-threshold 
monosynaptic arcs, all point in the same direction. It seems likely that in human 
thigh and calf muscles under ordinary circumstances, much of the stretch 
reflex discharge may, in fact, rest on this particular two-neurone basis (39), 
We have never, for instance, detected H reflexes in calf muscles when ankle 
jerks were absent. Even there, however, as noted above, there is strong reason 
for suggesting that other mechanisms are involved as well. In other regions, 
where low-threshold monosynaptic discharge is normally completely sup- 
pressed, tendon jerks may still be active. Or, when low-threshold afferent 
fibres are damaged by disease, responses to stretch may still be brisk. It is 
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Fic. 6. Action potentials from calf muscles. Same subject as in Figures 4 and 5. Single 
shocks of increasing intensity to posterior tibial nerve in popliteal fossa. 


difficult, under these circumstances, to avoid the inference that other, as yet 
unidentified, afferent pathways may be important in the reflex responses to 
brief stretch. 


SUMMARY 
Certain seeming inconsistencies have been reported from experiments on 
man which question the assumption that clinical tendon jerks depend solely 


on two-neurone reflex arcs activated by impulses in afferent fibres of lowest 
threshold. 
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GROWTH OF VASCULAR ANASTOMOSES: AN EXPERIMENTAL 
STUDY OF THE INFLUENCE OF SUTURE TYPE AND SUTURE 
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The evolution of surgery into the physiologic era has enabled many infants 
and children with abnormalities of the vascular system to be cured by the 
surgical correction of defects, as in coarctation of the aorta. Great improvement 
may follow vascular shunting procedures (Blalock and Taussig 1945) which 
change the volume of blood flow into certain organs (i.e. the lungs in the 
Tetralogy of Fallot). In most instances, lack of anastomotic growth proportion- 
ate to the growth of the patient would lead to a progressive loss of the physio- 
logic gains originally achieved by the operation. Because of the long period of 
time required to obtain adequate information relative to the growth of vascular 
anastomoses from clinical observation alone, the problem has been taken to the 


experimental laboratory by several investigators. Valuable information has 
come from their studies. 


Smith, Johnson, and Riker (1949) studied six aortic-pulmonary anastomoses performed 
upon young pigs. In each of three instances where the anastomosis had been done with con- 
tinuous over-and-over 5-0 silk, they observed closure of the stoma. On the other hand, in 
three pigs where the anastomosis had been done with continuous over-and-over 5-0 catgut, 
they observed closure of the stoma in one, near closure in another, and growth of the stoma 
in the third. Potts and Riker (1952) recently extended these experiments by performing six 
additional aortic-pulmonary anastomoses upon young pigs with continuous over-and-over 
6-0 silk. All anastomoses remained patent. Increases of from 50 to 100 per cent in the size 
of the openings were observed in three instances with growth of the pigs, while decreases 
were observed in the other three pigs. From these observations, the authors suggested that 
“limited growth of an aortic-pulmonary anastomosis may be expected to accompany the 
growth of the patient.” 

Sako, Chrisholm, Merendino, and Varco (1949) commented upon retarded growth of 
thoracic aorta anastomoses performed upon puppies without reference to the degree of 
retardation or the method or type of suture material employed. However, this aspect was but 
a minor facet of their extensive study. Glenn, Keefer, Dotten, and Beal (1949) reported 
observations made one year after operation upon three puppies that had been subjected to 
a single end-to-end anastomosis of the thoracic aorta at the age of six weeks in which a con- 
tinuous everting mattress suture of 5-0 silk was employed. In each animal, angiocardiographic 
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studies demonstrated definite narrowing at the site of the anastomosis. In a subsequent 
report by Keefer, Glenn, and Dotten (1951) of the fate of two of these three dogs two years 
and nine months after operation, one showed significant narrowing of the aorta at the anas- 
tomotic site while the other did not. Brooks (1950), in a study of 16 thoracic aorta anasto- 
moses performed upon puppies (average weight 10 pounds) in which a continuous everting 
mattress suture of 5-0 silk was used, observed that a 17 to 20 per cent constriction developed 
at the site of the anastomosis from time of operation to maturity of the dogs. Hurwitt and 
Brahms (1951), in a study of six abdominal aorta anastomoses performed upon puppies in 
which a continuous everting mattress suture of 5-0 silk was used, concluded that the in- 
crease in the cross-sectional area of the anastomosis was of the same relative magnitude as 
that of the normal aorta. Lowenberg and Shumacker (1949), in a study of eight carotid 
anastomoses performed upon puppies in which a continuous everting mattress suture of 
6-0 silk was employed, observed that ‘‘as the animals and their carotid arteries grew in size, 
the line of suture appeared to increase in size correspondingly.” The diameters of the carotid 
arteries increased between 30 and 45 per cent. Shumacker, Freeman, Hutchings, and Radigan 
(1951), in a study of two thoracic aorta anastomoses and one abdominal aorta anastomosis 
performed upon young pigs in which interrupted everting mattress sutures of 5-0 silk were 
used, observed that “in none was there any constriction, the circumference being the same 
at the line of anastomosis as in the adjacent portions of the aorta.” 

Johnson and Kirby (1950) studied seven anastomoses performed upon the abdominal 
aortas of young pigs in which the anastomoses had been performed with a continuous over- 
and-over suture of 5-0 silk or 6-0 catgut or with an everting mattress suture of 5-0 silk placed 
continuous or interrupted. They observed no constriction of the anastomoses performed 
with catgut, with interrupted everting mattress sutures of silk, or with a continuous over- 
and-over silk suture which, in the two instances employed, had broken. However, constric- 
tion was present at both anastomoses performed with a continuous everting mattress suture 
of 5-0 silk. Johnson, Kirby, Allam, and Hagan (1951), in a continuation of their previous 
studies on pigs, reported on the basis of nine anastomoses performed with a continuous 
Carrel suture of silk for the posterior half and simple interrupted sutures of silk for the an- 
terior half of the anastomosis that such a method “did not significantly limit growth of 
vascular anastomoses in pigs.” 


The experimental work, previously reported, suggests that anastomoses 
performed with catgut or with interrupted silk sutures will grow at the same 
rate as the rest of the vessel. However, there is an apparent lack of agreement 
concerning the extent of anastomotic growth possible when a continuous non- 
absorbable suture is employed. Inasmuch as the majority of anastomoses 
performed in children has been done with continuous nonabsorbable sutures, 
it becomes of considerable importance to obtain further information relative 
to the possible fate of these anastomoses, Also, the advisability of placing such 
sutures as a routine practice or even in exceptional circumstances needs the 
benefit of further evidence to facilitate the clarification necessary for decision. 
Because of this need for further knowledge, we undertook the present study. 


EXPERIMENTAL STUDIES AND RESULTS 


In our experiments, we have studied the extent of growth of aortic anasto- 
moses performed in young pigs using different suture methods and different 
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suture types, the extent of growth of aortic pseudoanastomoses (for definition, 
vide infra) performed in young pigs using fine and heavy suture material to 
encircle the aorta, the length of suture required to perform anastomoses by 
various techniques, and the influence of tissue implantation upon the tensile 
strength of 5-0 silk suture. These experiments will be considered in four sections, 


1. Growth of aortic anastomoses performed in young pigs 


Autografts of the abdominal aorta were performed in 11 young pigs averaging 30.5 pounds 
in weight. These grafts remained in the pigs for an average of 230 days. At slaughter the pigs 
weighed an average of 297 pounds. This gain represents an average pig weight increase of 
874 per cent. At operation anesthesia was accomplished by intraperitoneal nembutal with 
supplemental open drop ether. The aorta was exposed retroperitoneally through a left flank 
incision, and after division of the branches an autograft was formed by dividing and re- 
suturing the aorta in two places between Potts coarctation clamps. The 22 anastomoses were 
done by a variety of methods using 5-0 silk or 5-0 chromic catgut on an atraumatic needle. 
In each instance, the sutures were placed through all layers of the vessel wall. Silk was 
employed continuous or interrupted as an everting or end-on type stitch (Fig. 1). Catgut 
was employed as a continuous suture placed as an everting or end-on type stitch. After 
completing the anastomoses, measurements were taken of the graft length, of the external 
diameter and circumference of the graft, upper anastomosis, lower anastomosis, aorta mid- 
way between the graft and the left renal artery, and the aorta one centimeter below the 
graft, and the distance from the graft to the left renal artery. In addition, the crown-rump 
length of the pig and the length of the incision were measured. A few days after surgery, 
the pigs were sent to a farm and kept until they weighed 200 pounds or more and then were 
slaughtered. The crown-rump and incision lengths of the pigs were recorded. The abdominal 
aorta was removed and carefully dissected free from surrounding tissues with division and 
ligation of branches. The same measurements, previously taken at operation, were repeated 
after inflating the segment of aorta containing the graft to 120 millimeters of mercury with 
air. All measurements and dissections, both at the time of operation and slaughter (both in 
situ and after removal of the specimen), were taken by one of us (L. R. S.). The dimensional 
changes, in terms of per cent increase or decrease, were then calculated. X-rays were taken 
of the aortic segments containing the grafts after inflating them with diodrast to pressures 
simulating arterial. External measurements of the inflated grafts in instances of constriction 
do not adequately portray the caliber of the lumen because of the frequent presence of an 
internal septum. The grafts were then photographed both inflated and opened. Careful 
note was made of the opened graft regarding the anastomoses. These grafts were then sec- 
tioned for microscopic study and stained with hematoxylin and eosin and Verhoeff’s elastic 
tissue stain. 


All grafts were open at time of slaughter of the pigs. The suture type, suture 
method, and results obtained with each anastomosis are listed in Table I. 
In Table II the relation of restricted anastomotic growth to suture type and 
suture method is shown. In each of the 10 instances in which anastomoses had 
been done with a continuous everting mattress suture of 5-0 silk, constriction 
was present at the time of slaughter (Figs. 2, 3, 4). The suture was intact, 
straightened, and had pulled through the wall in all instances. In 7 of the 10 
instances, the suture was lying atop an internal septum (Fig. 2) which was 
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projecting into the lumen. In one instance, (Pig 158(31)) (Table I), fenestration 
of the internal septum had started with beginning restitution of the lumen. 
Two tunnels were present beneath the suture in the edge of the septum (Fig. 
10). In both of the instances in which the anastomoses had been done with a 
continuous end-on suture of 5-0 silk, no constriction was present at the time of 


End-to-end anastomosis with suture through all layers 
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Fic. 1. The suture methods for anastomosing blood vessels are illustrated. The end-on 
coaptation (Carrel) method has the advantage of rapidity of performance but the disad- 
vantage of placing considerable suture material in the lumen (B). The everting mattress 
method of intima-to-intima approximation has the advantage of placing little suture material 
in the lumen (E). As shown in “D” and “F”, the continuous everting mattress sutures 
have not pulled into the wall. This is the situation that obtains when the adventitia is not 
removed deeply (Figure 9). 





slaughter (Fig. 3). The continuous suture was only partially straightened and 
had not pulled deeply into the wall. These two anastomoses had increased an 
average of 92 per cent in external diameter from time of operation to slaughter. 
It was evident that considerably more growth could have occurred before these 
sutures would have completely straightened and pulled through the wall. 
None of the five anastomoses, in which the anterior half of the suture line was 
placed interrupted, were constricted. There was no difference between the 
anastomoses performed by the everting and end-on suture methods (Figs. 4 
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TABLE I 


The Influence of Suture Type and Suture Method Upon the Growth of Abdominal Aortic 
Autograft Anastomoses and Pseudoanastomoses Performed In the Young Pig 
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| 
ANASTO- — . | — . TURED 
PIG NO, MOSIS SUTURE TYPE | SUTURE METHOD RESULT | IN 
} REPORT 
152(25) | upper | 5-0 silk | continuous everting mattress constriction ; — 
| ° ° ° * . 
lower | 5-0 silk continuous everting mattress constriction 
153(26) | upper | 5-0 silk | continuous everting mattress constriction | Fig. 2 
lower | 5-0 silk continuous everting mattress constriction 
154(27) | upper | 5-0 silk continuous everting mattress | slight constriction ;— 
lower | 5-0 catgut | continuous everting mattress no constriction 
ie } ° ° | —— | 
155(28) | upper | 5-0 catgut | continuous everting mattress | no constriction |= 
lower | 5-0 silk continuous everting mattress slight constriction 
156(29) | upper | 5-Osilk | continuous everting mattress slight constriction ;o— 
lower | 5-0 silk continuous end-on no constriction 
157(30) | upper | 5-0 silk continuous everting mattress constriction Fig. 4 
~ lower | 5-0 silk Posterior row—continuous no constriction 
: 
} everting mattress. | 
| Anterior row—4 interrupted 
| everting mattress sutures 
158(31) | upper | 5-0 silk | everting mattress continuous | constriction | 
lower | 5-0 silk | Posterior row—continuous | no constriction | 
|  everting mattress. 
Anterior row—4 interrupted 
|  everting mattress sutures. 
| | 
160(33) | upper | 5-0 silk | Posterior row—continuous no constriction | Fig. 5 
|  everting mattress. 
| | Anterior row—4 interrupted 
| ° } 
everting mattress sutures. } 
lower | 5-0 silk | Posterior row—continuous no constriction 
end-on. 
| Anterior row—S interrupted 
|  end-on. 
| | | 
161(34) | upper | 5-0 silk continuous end-on no constriction Fig. 3 
lower | 5-0 silk continuous everting mattress | slight constriction 
| | . . . 
162(35) | upper | 5-0 catgut | continuous end-on } no constriction | Fig. 6 
lower | 5-0 catgut | continuous everting mattress no constriction 
163(36) | upper | 5-0 catgut | continuous everting mattress no constriction _ 
lower | 5-0 silk Posterior row—continuous no constriction 
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TABLE I—Continued 























— | pic: 
PIG NO. a SUTURE TYPE SUTURE METHOD RESULT “— 
MOSIS REPORT 
164(37) upper | 5-0 silk encircling | no constriction | Fig. 8 
| lower 5-0 silk encircling | no constriction 
165(38) | upper | #1 silk | encircling | graft occiuded _. 
| lower | 5-0 silk encircling graft occluded 
| 
166(39) | upper | 5-0 silk | encircling | slight constriction Fig. 7 
| iower | #1 silk encircling | definite constriction 


{ | 





and 5). It was apparent that the majority of the growth had taken place in 
that portion of the anastomosis approximated with interrupted stitches. These 
stitches, close together at time of operation, were widely separated at time of 
slaughter. There was no constriction present in any of the five anastomoses 
performed with catgut. There was no difference between the anastomoses 
performed by the everting and end-on suture method when catgut was em- 
ployed (Fig. 6). 


2. Growth of aortic pseudoanastomoses performed in young pigs 


By pseudoanastomosis we refer to the placement of a suture about the aorta 
and tying it tight enough to be snug but not tight enough to constrict. With 
growth of a vascular anastomosis performed with a continuous nonabsorbable 
suture, the suture straightens. No constriction of the anastomosis develops 
during this stage of straightening. The pseudoanastomosis at operation is com- 
parable to an anastomosis after the anastomosis has grown sufficiently to cause 
complete straightening of the suture. Thus the extent of growth of a pseudo- 
anastomosis would give information relative to the fate of an anastomosis that 
had greater growth demands upon it than are present in the pig growing from a 
weight of 30.5 to 297 pounds. 


Pseudoautografts of the abdominal aorta were performed in three young pigs averaging 
29.4 pounds in weight. These pseudoautografts remained in the pigs for an average of 227 
days. At slaughter, the pigs weighed an average of 274 pounds. This gain represents an 
average pig weight increase of 832 per cent. The same type of anesthesia and incision was 
used to expose the aorta, as for the autografts. The methods of study at operation and 
slaughter were also the same as used for the autografts. 5-0 silk was employed for four of the 
six pseudoanastomoses, while #1 silk was used for the other two. 


In Pig 166(39) (Table I and Fig. 7), there was only slight constriction at the 
upper pseudoanastomosis performed with 5-0 silk, while there was definite 
constriction of the lower pseudoanastomosis performed with #1 silk. The 5-0 
silk had pulled through the vessel wall, remained intact, and lifted up an 


282 LESTER R. SAUVAGE AND HENRY N. HARKINS 


internal septum which, by the time of slaughter, had undergone advanced 
fenestration allowing for partial restitution of the lumen (Fig. 10). The # 1 silk 
had pulled deeply into the wall but had not lifted up a septum. It was holding 
the wall so as to produce definite encroachment on the lumen. 

In Pig 164(37) (Table I and Fig. 8), in which both pseudoanastomoses had 
been done with 5-0 silk, there was no significant constriction at the time of 
slaughter. In both instances, the 5-0 silk had pulled through the wall, remained 
intact, and lifted up an internal septum which, by the time of slaughter, had 








TABLE II 
Relation of Restricted Growth of Aortic Anastomoses Performed in Young Pigs to Suture 
Type and Suture Method 
stata tinimeas a amaasomcens | comevascenn | comsruscrss 
5-0 silk continuous everting 10 10 0 
5-0 silk continuous end-on 2 0 2 
5-0 silk continuous everting for posterior half 3 0 3 
and interrupted everting for anterior 
half 
5-0 silk continuous end-on for posterior half and 2 0 2 
interrupted end-on for anterior half 
5-0 catgut | continuous everting 4 0 + 
5-0 catgut | continuous end-on 1 0 1 

















undergone fenestration with sequestration of the suture into the lumen allow- 
ing for complete restitution of the lumen. The sutures still remained attached 
to the wall at one point. They were encased in a thin layer of fibrous tissue 
which had a smooth endothelialized surface. In both instances, a small fibrin 
thrombus was attached to the dangling portion of the suture. 

In Pig 165(38) (Table I), in which #1 silk had been employed for the upper 
pseudoanastomosis and 5-0 silk for the lower, the pseudoautograft was occluded 
at the time of slaughter. 


3. Suture length-circumference ratio studies 


In these studies, we attempted to determine the length of suture required to 
perform an anastomosis by various techniques. We first sought to determine 
this by acute experiments in which anastomoses were performed upon arteries 
of living anesthetized dogs. After thirty odd anastomoses, it was decided to 
study the problem on isolated arterial segments which could be inflated to 
arterial pressure with air. The experiments upon living dogs often gave results 
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Fic. 2.* This fresh aortic autograft has been in place for 230 days. Both anastomoses were 
performed with 5-0 silk placed as a continuous everting mattress suture. The adventitia was 
not removed deeply from the vessel ends. a, There is apparent dilatation of the graft and the 
aorta below, but the external appearance of the anastomoses does not suggest appreciable 
constriction. b, The opened graft shows the sutures to be intact, completely straightened, 
and lying atop internal septa which project into the lumen for a distance of about 2 mm. c, 
The x-ray of the diodrast inflated graft reveals both anastomoses to be definitely constricted. 

Graft Inflated to 120 mm. Hg with Air 

Pig 153(26)—fresh aortic autograft implanted for 230 days with a pig wt. increase of 
857%. 5 0 silk continuous everting mattress for both anastomoses. 

Dimensional Changes: 

1. ext. diam. aorta 2 cm. above graft—increase—130% 

2. ext. diam. upper anas.—increase—100% 

3. ext. diam. graft—increase—256% 

4. ext. diam. lower anas.—increase—120% 

5. ext. diam. aorta 2 cm. below graft—increase—267% 

* In all the Figures of graft specimens removed at slaughter in this paper, “a” is a photo- 
graph of the graft inflated to 120 mm. Hg with air; ‘‘b” is a photograph of the graft opened 
in the long axis of the vessel and viewed from the intimal side; and ‘‘c’”’ is a photograph of 
an x-ray taken of the graft inflated with diodrast to pressures simulating arterial. 
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Fic. 3. This fresh aortic autograft has been in place for 223 days. The upper anastomosis 
was performed with 5-0 silk placed as a continuous end-on coaptation type suture. The 
lower anastomosis was performed with 5-0 silk placed as a continuous everting mattress 
suture. a, The suture of the upper anastomosis has not completely straightened, while that 
of the lower appears to have completely straightened and pulled deeply into the wall. b, 
The opened graft reveals the suture of the lower anastomosis to be straight and lying exposed 
in many areas. c, The x-ray reveals no constriction at the upper anastomosis but slight con- 
striction at the lower anastomosis. 

Graft Inflated to 120 mm. Hg with Air 

Pig 161(34)—fresh aortic autograft implanted for 223 days with a pig wt. increase of 
945%. 5 0 silk continuous, Carrel fashion, for upper anas. and 5 0 silk continuous everting 
mattress for lower anas. 

Dimensional Changes: 
1. ext. diam. aorta 1 cm. above graft—increase—160% 
2. ext. diam. upper anas.—increase—100% 


3. ext. diam. graft—increase—100% 
4. ext. diam. lower anas.—increase—84% 
5. ext. diam. aorta 3 cm. below graft—increase—146% 
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Fic. 4. This fresh aortic autograft has been in place for 226 days. The upper anastomosis 
was performed with 5-0 silk placed as a continuous everting mattress suture. The lower 
anastomosis was performed with 5-0 silk placed as a continuous everting mattress suture 
posteriorly and as interrupted stitches of the same type anteriorly. a, The suture of the 
upper anastomosis has pulled deeply into the wall. The interrupted stitches of the lower 
anastomosis, close together at operation, are now widely separated. b, The opened graft 
shows the suture of the upper anastomosis to be straightened, superficial, and lying atop a 
low septum. c, The x-ray reveals definite constriction of the upper anastomosis but not of 
the lower. 


Graft Inflated to 120 mm. Hg with Air 


Pig 157(30)—fresh aortic autograft implanted for 226 days with a pig wt. increase of 


1023%. Upper anas.—5 0 silk continuous everting mattress. Lower anas.—5 0 silk: posterior 


row—continuous everting mattress; anterior row-four interrupted everting mattress sutures. 
Dimensional Changes: 
1. ext. diam aorta 1 cm. above graft—increase—140% 
ext. diam. upper anas.—increase—90% 
ext. diam. graft—increase—178% 
. ext. diam. lower anas.—-increase—120% 


ext. diam. aorta 2 cm. below graft—-increase—140% 
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Fic. 5. This fresh aortic autograft has been in place for 223 days. The upper anastomosis 
was performed with 5-0 silk placed as a continuous everting mattress suture posteriorly and 
as interrupted stitches of the same type anteriorly. The lower anastomosis was performed 
with 5-0 silk placed as a continuous end-on coaptation suture posteriorly and as interrupted 
stitches of the same type anteriorly. a, The interrupted stitches of both anastomoses, close 
together at operation, are now widely separated. b, The suture lines are smooth and even. 


[he sutures lie in the outer portion of the wall. c, Constriction is not present at 
either anastomosis. 


Graft Inflated to 120 mm. Hg with Air 


Pig 160(33)—fresh aortic autograft implanted for 223 days with a pig wt. increase of 


946%. Upper anas.—5 0 silk: posterior row—continuous everting mattress; anterior row 
five interrupted everting mattress stitches. Lower anas.—5 0 silk: Posterior row—contin 
uous Carrel; anterior row—six interrupted Carrel. 
Dimensional Changes—crown-rump length—increase—95% 

1. graft length—increase—128% 

2. distance graft to lt. renal artery—increase—109% 

3. graft diam—increase—167% 

4. diam. upper anas.—increase—1560% 

5. diam. lower anas.—increase—150% 

6. diam. aorta 1 cm. above graft—increase—1600% 


7. diam. aorta 2 cm. below graft—increase—156% 
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Fic. 6. This fresh aortic autograft has been in place for 230 days. The upper anastomosis 
was performed with 5-0 catgut placed as a continuous end-on coaptation suture. The lower 
anastomosis was performed with 5-0 catgut placed as a continuous everting mattress suture. 
a, The suture lines are not visible externally. }, The opened graft reveals the sutures to have 
been completely absorbed. c, Constriction is not present at either anastomosis. 

Graft Inflated to 120 mm. Hg with Air 

Pig 162(35)—tresh aortic autograft implanted for 230 days with a pig wt. increase of 
927%. 5 0 catgut continuous, Carrel fashion, for upper anas. and 5 0 catgut continuous 
everting mattress for lower anas. 

Dimensional Changes: 
1. ext. diam. aorta 1 cm. above graft—increase—109% 
2. ext. diam. upper anas.—increase—100% 

3. ext. diam. graft—increase—109% 

4. ext. diam. lower anas.—increase—82% 


5. ext. diam. aorta 2 cm. below graft—increase —118% 
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Fic. 7. This pseudoautograft has been in place for 222 days. 5-0 silk was placed about the 
aorta at the upper ‘“‘anastomosis” and #1 silk about the aorta at the lower “‘anastomosis.” 
a, Neither suture is visible externally. There is constriction of the lower ‘‘anastomosis” 
b, The upper suture is intact and attached to the wall at three points. Advanced fenestration 
of the septum has occurred (Figure 10). The lower suture is exposed in several areas. A 
septum is not present. The suture is holding the wall tightly. c, Slight constriction is present 
at the upper anastomosis, while definite constriction is present at the lower. 


Pig 166(39) 


5 0 silk about aorta at “upper anas.” and #1 silk about aorta at “lower anas.”’ 
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Fic. 8. This pseudoautograft has been in place for 229 days. 5-0 silk was placed about 
the aorta at both “anastomoses.” a, The “anastomoses” do not appear to be constricted. 
Only a small segment of the upper suture is visible externally. b, Both sutures are intact, 
attached to the wall at one point, covered by endothelium, and have a small fibrin thrombus 


attached to their dangling portion. In the photograph, the sutures are held out by a string 


so as to better demonstrate these findings. c, No definite constriction is present at either 
“anastomosis.” 
Graft Inflated to 120 mm. Hg with Air 
Pig 164(37)—pseudoautograft implanted for 229 days with a pig wt. increase of 860%. 
5 0 silk about aorta at both upper and lower ‘‘anas.”’ 
Dimensional Changes: 
1. ext. diam. aorta 1 cm. above graft—increase—142% 
ext. diam. “‘upper anas.””—increase—127% 
ext. diam. graft—increase—180% 
ext. diam. “‘lower anas.”’—increase—174% 


ext. diam. aorta 1 cm. below graft—increase 
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of questionable accuracy because the anastomoses could not be repeated at the 
same site on the same artery using different techniques. Also, after doing 
several anastomoses in a particular dog, the measurements were different 
than at the start of the experiment due to shock resulting from such factors as 
operative trauma and blood loss. Despite these limitations, the results obtained 
corresponded quite well with those obtained on the isolated arterial segments 
where conditions could be accurately controlled. 


LENGTH OF 5-0 SILK REQUIRED TO PERFORM AN ANASTOMOSIS OF THE 
THORACIC AORTA OF THE PIG USING A CONTINUOUS SUTURE 
@ CARREL TECHNIQUE 
© EVERTING MATTRESS TECHNIQUE WITH SUPERFICIAL REMOVAL OF ADVENTITIA 
@ EVERTING MATTRESS TECHNIQUE WITH DEEP REMOVAL OF ADVENTITIA 
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MM. STITCHES TAKEN BACK FROM EDGE OF VESSEL 

Fic. 9. It is seen from this figure that the length of suture required to perform an anas- 
tomosis is increased by placing the stitches farther back from the vessel edge when the 
end-on coaptation method is employed but not when the everting mattress method is used. 
Removing the adventitia deeply from the vessel ends allows the continuous everting mattress 
suture when tightly placed to pull deeply into the wall, and thus little more suture length is 
required for the anastomosis than the external circumference of the vessel. 


Thirty-two anastomoses were performed upon seven different thoracic aortas obtained 
from pigs at time of slaughter. After ligating all branches, the aortic segment was inflated 
to 120 mm. Hg with air and its external diameter and circumference measured. The aorta 
was divided at the point of measurement. Continuity was then restored by anastomosis 
using 5-0 silk arterial suture as a continuous suture placed as an everting or end-on type 
stitch. The influence of the distance the bites were taken back from the vessel edge upon the 
length of suture required to perform the anastomosis was evaluated as well as the effect of 
deeply removing the adventitia from the edge of the vessel ends to be anastomosed. Upon 
completing an anastomosis, the vessel was inflated to check on the accuracy of the approxi- 
mation. The suture, employed for the anastomosis, was then removed and its length meas- 
ured and recorded. Several anastomoses were then performed at this same site, the suture 
being removed and measured after each anastomosis. In this way the everting mattress and 
end-on coaptation methods could be compared with regard to the length of suture required 
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and the influence of the distance the bites were taken back from the edge of the vessel upon 
this length. The suture length-circumference ratio was obtained by dividing the length of 
suture required to perform the anastomosis by the external circumference of the vessel. Thus 
a ratio of 2 means that, with the method of suture employed, the suture length required for 
the anastomosis was twice the external circumference of the vessel. 


The influence of suture method and distance of bites from edge of vessel 
upon the suture length-circumference ratio are shown in Fig. 9. In these com- 
parative studies, it was important to place approximately the same number of 
stitches each time, for the length of suture required with any method was in- 
creased by placing the stitches closer together. The degree of removal of the 
adventitia influenced the length of suture required to perform an anastomosis 
by the everting mattress technique. When the adventitia had been deeply re- 
moved, it took little more suture length than the external circumference of the 


TABLE ITI 
Effect of Implantation in the Subcutaneous Tissues of the Dog U pon the Tensile Strength 
of 5-0 Silk Suture 





TENSILE STRENGTH TENSILE STRENGTH 
(GRAMS) AT - (GRAMS) AT 
N ON 
IMPLANTATION MELANEASS REMOVAL 


470 122 100 79 
555 176 200 64 
525 297 43 
525 87 
97.5 


| PER CENT REDUCTION 
IN TENSILE STRENGTH 


vessel to perform the anastomosis. When the adventitia was only removed 
superficially, it took from 30 to 40 per cent more suture length than the external 
circumference of the vessel. The distance of the bites back from the edge did 
not influence the length of suture required for the everting mattress method. 
However, the suture length required with the end-on coaptation method varied 
directly with the distance the sutures were placed back from the vessel edge. 
When the bites were taken 0.60, 1.50, and 3.75 mm. back from the edge, the 
suture lengths required were, respectively, 78, 147, and 326 per cent more than 
the external circumference of the vessel. 


4. Effect of tissue implantation upon the tensile strength of 5-0 silk suture 


The tensile strength of the continuous silk suture used for the anastomoses 
was greatly reduced in all instances at the time of slaughter of the pigs. Despite 
this reduced tensile strength, no suture was broken at time of slaughter. The 
degree of tensile strength reduction could not be accurately measured under 
these circumstances. In order to gain an accurate estimate of the effect of tissue 
implantation upon the tensile strength of 5-0 silk suture, single 18 inch lengths of 
5-0 silk suture were implanted subcutaneously on each side of the vertebral 
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column in five dogs. Prior to implantation, the tensile strength of the suture 
was determined. The sutures were removed from 122 to 229 days after implan- 
tation and the tensile strength of the suture again measured. As shown in 
Table ITI, the tensile strength was reduced in all instances. The average reduc- 
tion in tensile strength was 74 per cent. In one instance, Dog R-86, 229 days 
of implantation had rendered the suture so weak that only small segments 
could be removed due to the suture breaking even upon gentle attempts to 
separate it from the subcutaneous tissues. 


DISCUSSION 


Important factors that influence the growth of arterial anastomoses would 
seem to be: (1) The nature of the healing process at the suture line, (2) The 
type of suture material employed, (3) The method of suture employed, (4) The 
suture length-circumference ratio if a continuous nonabsorbable suture be 
employed, (5) The duration of time over which growth occurs, and (6) The 
extent of the growth demands upon the anastomosed portion of the vessel. 
The following discussion considers each of these points in order. 

In the experimental anastomoses that we have studied, the healing process 
at the suture line has been no different from the healing process of soft tissues 
in other parts of the body. The region of the artery at the anastomosis loses its 
special elements, smooth muscle cells, and elastic fibers, and comes to be com- 
posed of fibrous tissue lined internally by endothelium. In this respect, except 
for losing the elastic tissue, from the histologic aspect anastomotic junction 
areas resemble vascular homografts, fresh or preserved (Sauvage and Harkins, 
1951 and 1952). However, arterial anastomotic areas, differing from vascular 
homografts, do not appear to be subject to the development of degenerative 
changes (atheromatous plaque formation or calcification). In all instances 
studied and in the absence of suture restrictions, these anastomotic areas 
have shown growth changes similar to those of the adjacent normal arterial 
segments. It seems logical to assume that arterial anastomoses in humans 
would undergo similar growth changes. However, it is possible that inflam- 
matory reaction at the suture line could result in such a heavy fibrous reaction 
that this scar tissue would resist growth. 

As shown by our results and those of others, the use of continuous catgut 
sutures, regardless of suture method (Fig. 6), does not limit anastomotic 
growth. 

As seen from Table II, the suture method is of importance when nonab- 
sorbable sutures are employed. All of 10 anastomoses performed with a con- 
tinuous everting mattress suture of 5-0 silk were constricted (Figs. 2, 3, 4). 
The end-on coaptation method requires more suture length than does the 
everting method (Fig. 9). As a consequence, more growth can occur before the 
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suture completely straightens (Fig. 3). The use of interrupted sutures for at 
least half of the anastomosis appears to assure unimpeded growth regardless 
of the type of stitch employed (Figs. 4, 5). Johnson and Kirby (1950) stated 
that “when operating upon a growing patient, if silk sutures are to be used 
they should be interrupted as often as possible.’’ This advice seems sound, 
particularly if the everting mattress type of stitch is to be employed. Gross 
(1952) stated that he has used interrupted everting mattress sutures of 5-0 
silk in his last hundred consecutive cases of coarctation of the aorta including 
both children and adults. He believes that the suture line is more secure than 
when a continuous suture is employed. Shumacker also prefers the use of inter- 
rupted everting mattress sutures of silk. Deterling, Coleman, Kee, and 
Humphreys (1952) reported the use of interrupted catgut for major vascular 
anastomoses in three children with good results. However, it would seem that, 
with respect to growth, the use of continuous catgut (Fig. 6) is better than that 
of continuous silk (Fig. 2), but there is no advantage to be gained by using 
interrupted catgut instead of interrupted silk (Fig. 5). 

With respect to growth, the length of suture required to perform the anas- 
tomosis is of importance when a continuous nonabsorbable suture is employed. 
As shown in Figure 9, the greater the distance the bites are taken back from 
the edge of the vessel, the greater is the length of suture required to perform 
an anastomosis using the end-on coaptation method, but this distance does not 
influence the length of suture required to perform an anastomosis by the evert- 
ing mattress technique. It is apparent that different results may be obtained 
with respect to growth when the end-on continuous suture method is employed, 
depending upon the length of suture used to perform the anastomosis. When a 
narrow cuff (0.60 mm.) is used, there will be sufficient suture length to allow 
for an 80 to 100 per cent increase in diameter before lumen encroachment by an 
internal septum occurs (80 per cent increase allowed by suture straightening 
and 20 per cent increase allowed by suture pulling in through the wall) (Fig. 10). 
However, when the bites are taken 2 mm. back from the vessel edge, there will 
be sufficient suture length to allow for approximately a 220 per cent increase 
in diameter before lumen encroachment by an internal septum occurs (200 per 
cent increase allowed by suture straightening and 20 per cent increase allowed 
by suture pulling in through the wall). Keefer, Glenn, and Dotten (1951) 
stated that the aorta of a child of two and one-half to three years is about 8 to 
10 mm. in diameter, or one-third to one-half that of the adult. On this basis, 
the excision of a coarctation in a child of this age with end-to-end anastomosis, 
using a continuous end-on type stitch with placement of the bites 2 mm. from 
the vessel edge, should allow for the normal expected growth of the anasto- 
mosis. However, the use of a continuous everting mattress suture of silk with 
the adventitia removed deeply from the vessel ends would allow only for 
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approximately a 25 per cent increase in diameter before lumen encroachment 
by an internal septum occurred (5 per cent increase allowed by suture straight- 
ening and 20 per cent increase allowed by suture pulling in through the wall). 
The duration of time over which growth occurs is probably an important 
factor. In the preceding discussion regarding the growth of anastomoses done 
with continuous nonabsorbable sutures, it was assumed that the suture would 
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G. RESTITUTION OF LUMEN H. THROMBUS FORMATION 
Fic. 10. This figure diagrammatically illustrates the sequence of events that occur with 
growth of aortic anastomoses performed with continuous 5-0 silk suture. In this instance, 
the everting method has been employed. The adventitia has not been removed deeply from 
the vessel ends. More suture is shown in “A” than actually obtains with this method of 
suture. If more or less suture were required to perform the anastomosis, the degree of enlarge- 
ment possible before the suture straightened would vary accordingly. The subsequent steps 

following the straightening would be the same as are listed in the Figure. 












































remain intact. The fact that all of the continuous nonabsorbable sutures em- 
ployed in our study were intact at the time of slaughter of the pigs does not 
mean that one should expect similar type sutures to remain intact in growing 
patients where the growth period extends over many years rather than a few 
months, as in the pigs. The marked decrease in tensile strength of 5-0 silk im- 
planted subcutaneously in the dog (Table III) suggests that suture, weakened 
by several years of tissue implantation, would break as tension caused by 
growth was placed upon it. If this be so, the information obtained from experi- 
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ments upon very rapidly growing animals, as the pig, may have little bearing 
upon the problem in the human patient. 

From the experimental data, it would appear that the extent of the growth 
demands placed upon the anastomosed portion of the vessel is an important 
factor in determining the end result. In Figure 10, the sequence of events that 
occur with growth of anastomoses performed with continuous fine nonabsorb- 
able sutures are shown. With growth the continuous suture first straightens and 
then pulls in through the wall towards the lumen. Deep removal of the ad- 
ventitia decreases the amount of suture required with the everting mattress 
type suture to just slightly more than the external circumference of the vessel. 
This is so probably because the adventitia, when present, prevents the suture 
from pulling deeply into the wall and assuming a nearly straight line position. 
With further growth the suture lifts up an internal septum of connective tissue 
covered by endothelium which projects into the lumen. With additional growth 
this septum becomes attenuated and later holes appear in it. As growth con- 
tinues, this fenestration phenomenon progresses to the point where the internal 
septum has been abolished, the suture sequestrated, and the lumen restituted. 
The suture, attached to the wall at one point, dangles in the lumen of the vessel. 
Though covered with an endothelialized layer of connective tissue, the portion 
of the suture, projecting into the axial or central portion of the blood stream, 
may become the seat of a fibrin thrombus. 


SUMMARY 


In the experiments reported here, the influence of suture type and suture 
method upon the growth of abdominal aortic autograft anastomoses and 
pseudoanastomoses has been studied in the growing pig. The relation of certain 
mechanical factors (degree of removal of the adventitia from vessel end, 
distance of suture bites from edge of vessel, and effect of tissue implantation 
upon the tensile strength of 5-0 silk suture) to the growth of vascular anasto- 
moses has been suggested. From the evidence obtained, the sequence of events 
occurring in aortic anastomoses performed with continuous fine silk sutures in 
the growing pig has been diagrammatically depicted. 


CONCLUSIONS 


1. The tensile strength of 5-0 silk suture decreases markedly after a few 
months of implantation in the subcutaneous tissues of the dog. 

2. With both the end-on and everting methods of vascular suture, the closer 
the stitches are together the greater is the length of suture required to perform 
any given anastomosis. 

3. When the adventitia is removed superficially from the vessel ends, the 
continuous everting mattress method of vascular suture requires from 30 to 40 
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per cent more suture length than the external circumference of the vessel. 
However, when the adventitia is removed deeply, this method requires little 
more suture length than the external circumference of the vessel. The length 
of suture required to perform an anastomosis by this method is not increased 
by placing the sutures farther back from the vessel edge. 

4. The continuous end-on coaptation method of vascular suture requires, 
even with a narrow cuff (0.60 mm.), approximately 80 per cent more suture 
length than the external circumference of the vessel. The farther back from the 
vessel edge the bites are taken, the greater is the length of suture required to 
perform an anastomosis by this method. 

5. With growth of vascular anastomoses, the suture first straightens and then 
pulls through the wall. If further growth occurs, the suture pulls in towards 
the lumen, raising up a septum about the internal circumference of the vessel. 
If still further growth occurs, the septum becomes attenuated, then fenestrated, 
and finally disappears with restitution of the lumen as the suture is partially 
sequestrated into the lumen. The suture, dangling in the lumen, may act asa 
focus for thrombus formation. 

6. There will be unimpeded growth of vascular anastomoses performed with 
continuous catgut or with nonabsorbable sutures if the suture line is interrupted 
for half of the anastomosis. It is not important from the growth aspect whether 
these stitches be of the everting or end-on type. When nonabsorbable sutures 
are employed, the majority of the growth increase of the anastomosis occurs in 
the portion approximated with interrupted stitches. 
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BRAIN ABSCESS DUE TO CLADOSPORIUM TRICHOIDES 


REPORT OF THE SECOND CASE DUE TO THIS ORGANISM 


ARTHUR B. KING ann THOMAS S. COLLETTE 
The Divisions of Neurosurgery and Laboratories of the Guthrie Clinic, Sayre, Pennsylvania 


Received for publication June 26, 1952 


Infections of the central nervous system produced by fungi are rare in this 
country. In a review of 104 patients with metastatic brain abscesses, Craig 
and Gates found only five instances in which the offending organism was a 
fungus. Many isolated cases have been reported and most of the mycotic or- 
ganisms isolated have belonged to the Actinomyces, Blastomyces or Torula 
families. 

It is often difficult to demonstrate the origin of a fungus infection which in- 
volves the central nervous system. Many are blood borne from the lung or in- 
testinal foci and a few have spread from the ear or paranasal sinuses. Often, 
however, the initial site of infection is so inconspicuous that even postmortem 


fails to reveal it. 


CASE REPORT 


J. A. 143477. This 47 year old white laborer, who had been a lifelong in- 
habitant of a nearby rural county, was admitted to the hospital with the com- 
plaint of severe headaches. About October 1, 1950, a purulent drainage from 
the left ear was noted. Local therapy was applied and drainage became in- 
termittent. A short time after the onset of the aural drainage, the patient ex- 
perienced headache localized in the occipital and parietal regions. This in- 
creased steadily in intensity. 

It was noted by the patient and his family that his speech was becoming in- 
articulate. Speech was slurred and the recall of words became increasingly 
difficult, producing a halting conversation. Approximately a month after the 
onset of headaches, weakness of the right extremities was noticed; the leg 
dragged and the arm became clumsy. For several days the patient’s sensorium 
had been cloudy. At no time had there been diplopia, vomiting or convulsions. 

Physical examination disclosed evidences of generalized arteriosclerosis and 
a blood pressure of 156/100. There was no drainage from either of the ear canals. 
The patient was right handed. 

The mental state was definitely dulled and a motor speech aphasia was pres- 
ent. The visual fields were full to gross tests and the fundi were normal. A 
moderately severe right hemiparesis was present, more marked in the arm than 
in the leg. An increase in reflexes and a Babinski response were present in that 
side. 
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X-rays of the chest and skull were within normal limits. Laboratory studies 
included a red blood cell count of 4,250,000 per cubic millimeter, 12.5 grams of 
hemoglobin and a leukocyte count of 6,700 per cubic millimeter, the differ- 
ential count being 79 per cent polymorphonuclear cells, 19 per cent lymphocytes 
and 2 per cent eosinophils. The urinalysis was normal, the blood Kahn negative, 
the blood sugar was 120 mgm. and blood urea was 16 mgm. per 100 cc. 

The following day, a left carotid arteriogram was done which showed a rela- 
tively avascular area in the left frontal lobe. A ventriculogram was done the 
same day. The brain was not under pressure and puncture of the right ventricle 
yielded 25 cc. of clear fluid. Only a few drops of fluid could be obtained from 
the left lateral ventricle. Roentgenograms taken after the fluid had been re- 
placed by air disclosed a mass in the left frontal lobe, high up, near the midline. 

A left frontal flap was reflected. On opening the dura, the brain was not 
under tension. A firm mass was palpated subcortically near the midline about 
halfway between the tip of the frontal lobe and the Rolandic fissure. A ventric- 
ular needle was passed into the mass and to our surprise, a thick green pus 
flowed out of the cannula. The overlying cortex was removed and the abscess 
shelled out in toto. The ventricle was not entered and no daughter abscesses 
were seen or felt. At the time of removal, no major blood vessels were ligated 
and the area of the frontal lobe involved was some distance from both Broca’s 
area and the motor strip. 

The postoperative course was uncomplicated. No signs of wound infection 
or meningitis occurred. The temperature remained normal. The aphasia showed 
signs of improvement and speech became spontaneous as well as more ar- 
ticulate. There was no actual paralysis but the patient seemed to be unaware 
of the right arm and leg. He was unable to perform isolated movements of the 
right arm or leg but could carry out movements in which both arms or both 
legs were employed at the same time. There was no spasticity and the re- 
flexes were reduced. By the time of discharge, two weeks after operation, the 
patient was sitting in a chair but did not walk. Cultures of the pus obtained at 
operation grew fungus of a then unknown type. 

The specimen removed at operation was 3.5 cm. in diameter and contained 
a light green pus. The wall of the abscess was 3.0 mm. in thickness. Microscopic 
section of the wall and attached brain showed a marked glial reaction with a 
rich round cell and some polymorpholeukocytic infiltration. The wall was 
vascular and the attached brain tissue had lost its architecture. 

Three weeks later, because of convulsions, readmission was advised. On ex- 
amination, the patient was very drowsy and could not or would not talk. The 
right hemiplegia was now profound. The ueck was stiff. Early papilledema was 
present. 

The leukocyte count was 13,800 per cubic millimeter with a differential count 
of 82 per cent polymorphonuclear cells and 18 per cent lymphocytes. The red 
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cell count had fallen to 3,960,000 and the hemoglobin was 11.5 grams. Lumbar 
puncture showed no increase in pressure. The fluid contained six cells per cubic 
millimeter, 60 mgm. per cent protein and 102 mgm. per cent of sugar. Cultures 
for bacterial organisms and fungi were sterile. 

Ventriculograms were repeated and a mass in the posterior part of the left 
frontal lobe was demonstrated. An arteriogram done at the same time demon- 
strated a backward displacement of the Sylvian vessels. 





Fic. 1. Intact abscess with overlying cortex as it appeared immediately after shelling 
out of the left frontal lobe. 


The posterior limb of the craniotomy incision was reopened. The brain was 
not under pressure. A ventricular needle struck pus at a depth of 4 cm.; about 
20 cc. of thick, gelatinous, green foul smelling material was aspirated. One cc. 
of thorotrast was injected and a small catheter left in for drainage. 

The patient’s course was one of steady decline. The temperature fluctuated 
from 98° to 102°F. A few days later, the incision was once more reopened and 
necrotic brain and pus aspirated. There was no attempt to form a new capsule 
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and no evidence of reactive edema by the brain. The patient expired two weeks 
after his second admission after a sudden lapse into coma and a temperature 
elevation to 103°F. Rupture of the abscess into the ventricular system was 
postulated. 

Penicillin had been administered during the first admission to prevent bron- 
chopneumonia rather than for its possible effect on the fungus. Throughout his 
second admission large doses of potassium iodide were given without any notice- 
able effect. 





Fic. 2. Coronal section at level of the tips of the lateral ventricles. (a) Area from which 
original abscess was removed. (b) Secondary abscess evacuated on second admission. 
(c) Intact daughter abscess. 


Postmortem findings included a patchy bronchopneumonia, bilateral hypo- 
static congestion of the lungs, arteriosclerotic cardiovascular disease with 
marked coronary arteriosclerosis, and degeneration of the adrenal medulla. 
When the brain was removed from the skull, a large hemorrhagic, necrotic 
area was present in the upper portion of the left frontal lobe. This was the 
site of enucleation of the original abscess. After hardening, section of the brain 
showed multiple daughter abscesses in the surrounding white matter, with 
little capsule formation or reactive change. The abscesses were scattered near 
the midline and back as far as the Rolandic fissure. Several abscesses were 
near the ventricular walls but no point of penetration was found. The walls 
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of both lateral ventricles, however, were lined by a thin layer of pus. The cho- 
roid plexus on the left was swollen and edematous. 

The anterior portion of the left lateral ventricle was depressed by edema and 
abscesses as can be seen in the illustration. Nothing was found in the temporal 
lobes. Death was probably due to the ventriculitis. 

At necropsy, the middle ears and paranasal sinuses were opened and no evi- 
dence of infection was found. Cultures were taken from the sphenoid sinus, 
left petrous bone and the lungs. 





Fic. 3. Coronal section about 2 cm. behind that illustrated in Fig. 2. Multiple abscesses 
and distortion of ventricular system are shown. 


Microscopic study of the brain added little. Besides a moderate glial reac- 
tion, there was a mild infiltration by round cells, and many giant cells were 
noted. The brain surrounding the abscess contained hyphae of the fungus in 
many sections. 


MYCOLOGICAL STUDIES 


Pus obtained at the initial operation was studied after gram staining. Bac- 
teria were not present but gram-positive, filamentous, branching forms re- 
sembling hyphae of a fungus were seen. A hanging drop preparation of the 
material in 20 per cent KOH clearly demonstrated fragmented and septate 
hyphae. These were a light tan in color and about 1 micromillimeter in dia- 
meter. 
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Cultures were prepared on the following media: chocolate and blood agar, 
both aerobic and anaerobic, cooked meat medium, Sabouraud’s dextrose agar 
and cornmeal agar. A luxuriant growth of fungus was obtained on all media. 
After two weeks incubation on a modified Sabouraud’s agar, the colonies 
reached a diameter of 3 cm. and a depth of approximately 0.4 cm. Those 
colonies varied from flat to dome-shaped with a hemispherical eminence at 
the center. The velvety surface of the colony was not folded or wrinkled when 
young but developed shallow radial folds reaching halfway to the periphery 


ae a oe | es 

Fic. 4. Microscopic section through an abscess wall. Necrosis is seen to the right. Giant 
cells are prominent in the brain about the abscess. Note absence of the usual inflammatory 
cells. Romanowsky stain x 200. 


in older colonies. The more aged colonies turned a dark olive gray, with the 
reverse ranging from dark gray to black in color. 

The hyphae were from 1—2 microns in diameter and were brown with smooth 
walls. Coridiophores were 2 microns in diameter and frequently septate, straight 
to flexuous, and bearing long sparsely branched chains of coridias. These 
coridia were elliptical or fusoid-cylindrical, brown in color, had smooth walls 
and were borne on long sparsely branched chains. 

Cultures taken at subsequent operations grew pure cultures of the same 
fungus. Only the culture taken from the left petrous bone at autopsy grew the 
fungus. It is possible that it may have been contaminated by the removal of 
the brain, or by the instruments used to open the bone. 

Since our own attempts to classify the organism were unproductive, cul- 
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tures and portions of the brain were sent to Doctor C. W. Emmons of the 
National Microbiological Institute in Bethesda, Maryland. After considerable 
study, Dr. Emmons concluded that the fungus was identical to one sent to 
him by Doctors C. H. Binford and R. K. Thompson. This latter fungus had 
been obtained from a brain abscess and the name Cladosporium trichoides 
has been proposed. 

After a careful study of the morphological and cultural characteristics of 
the fungus originally obtained from Binford and Thompson, Doctor Emmons 





Fic. 5. Demonstration of the fungus growing in the cerebral tissue. Romanowsky stain 
X 840. 


concluded that it did not correspond with any 259 species and varieties of 
Cladosporium listed in the first 25 volumes of Saccardo’s Syllage Fungorum. 
However, most of the listed names have only a brief description of the appear- 
ance of the fungus on its natural substrate and the descriptions are very inade- 
quate for purposes of modern identification. For a complete summary of the 
mycologic study of this new species, reference should be made to Doctor 
Emmon’s discussion included in the case report of Binford, Thompson and 
Gorham. 


DISCUSSION 
The discovery of an abscess in this patient was entirely unexpected. When it 


was proven to be due to a fungus, we were at a loss to explain the original 
source of the infection. From its location, it seems certain it must have been 
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metastatic. Even a complete postmortem did not disclose the primary site with 
certainty. It may have started from the original ear infection. When seen at 
this hospital, the aural drainage had ceased and at autopsy, while a positive 
culture was obtained from the left petrous bone it may have been a contami- 
nant. To have resulted in a frontal lobe abscess, the fungus must have become 
blood borne, but from whence and by what route remains unexplained. 

The poor result for the initial surgery was also discouraging. There must have 
been one or more small abscesses in the surrounding cortex that were over- 
looked. The main abscess was easily and, we thought, completely enucleated. 
However, recurrence was prompt and steadily progressive. The abscesses dis- 
closed at later operations did not have walls thick enough for enucleation. 

The abscess in the above case was located in almost the same location as 
as that reported by Binford e¢ al. What part penicillin and sulfadiazine played 
in the recovery of their patient is not known. Penicillin was ineffective in our 
case. Complete operative removal of the infection was probably the deciding 
factor. 

We were unable to discover, either from the patient or his immediate rela- 
tions, where the infection might have been acquired. It must have been con- 
tracted locally as he had never travelled away from his immediate home vi- 
cinity. The possibility of having been infected via a commercial article that 
came from a distance cannot be dismissed but we have no positive information 
on this point. 


SUMMARY 


A case of brain abscess due to the fungus Cladosporium trichoides is pre- 
sented. Fatal outcome was due to recurrence of the infection after surgical 
removal of the initial abscess. This is the second instance of a cerebral infec- 
tion due to this newly described species. 

The authors are most appreciative of the kind help given by Dr. Emmons of the National 
Microbiological Institute in identifying this organism and providing us with the photo- 
micrographs of the fungus. 
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The first detailed account of the glomerular circulation in the frog’s kidney 
was published in 1924 by Richards and Schmidt (1), whose findings had been 
announced earlier in a preliminary way (2-5). They showed that it can easily 
be made accessible to direct microscopic observation, and reached the following 
conclusions: 


“The number of glomeruli through which blood flows and hence which function at any 
one time may be a fraction only of the total number of glomeruli in the kidney. This fraction 
is susceptible of increase by various vaso-dilator agencies and of decrease by various vaso- 
constrictor agencies. 

“The number of capillary pathways within a single glomerulus is variable in analogous 
manner. 

“Intermittence of glomerular circulation can frequently be observed. It can be produced 
by reflex constriction of the renal vessels, by electrical stimulation of sympathetic fibers to the 
kidney and by slow intravenous injection of adrenalin. It is throught to be due to the an- 
tagonism between nervous or chemical constrictor influences and the dilator influence of 
oxygen deficiency which begins to be manifest as soon as circulation ceases in the small 
arterioles. It is regarded an essential factor in the capacity of the kidney to utilize a fraction 
of its glomerular equipment without damage to the rest.” (1, p. 206.) 

They described the phenomenon of intermittence as follows: 

“A group of glomeruli are watched. Flow in one or two ceases for a time, while it con- 
tinues in the others closely adjacent: then some of the latter cease, while the former resume. 
The several interruptions are irregular in time so that the field inspected presents the ap- 
pearance of lively irregular intermittence of the glomerular circulation.” (1, p. 203.) 

They were fully aware of intermittence as a variable—and not a constant 
feature of the frog’s glomerular circulation; and they noted particularly that it 
“is not commonly to be observed in the pithed frog which has been rendered 
highly diuretic, and in which, following the injection of relatively large amounts 
of salt solution, the renal blood flow is quite rapid.”’ (1, p. 203.) 

The observations of Richards and Schmidt have exerted a marked and con- 
tinuing influence upon the thinking of renal and circulatory physiologists; and 
the frog’s glomerular circulation has been subjected to direct microscopic ob- 
servation by a number of succeeding investigators. The phenomenon of inter- 
mittence, with which we are principally concerned, has been confirmed as a 
characteristic feature of the glomerular circulation by Khanolkar (6), Ellinger 
and Hirt (7~-9)—in summer but not in winter frogs, Bieter (10), Ekehorn (11) 
and Ebbecke and Jager (12). On the other hand, Briihl (13)—although he noted 
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wide variations in glomerular activity—observed no spontaneous intermittence; 
and Tamura et al. (14-16) openly challenged the validity of the concepts of 
partial activity of the kidney and of glomerular intermittence: 


“In normal conditions, there is always steady and constant blood flow in the capillaries 
of all the glomeruli visible from the ventral surface, no difference being found between the 
kidney at rest and the kidney during diuresis in the mode of the blood flow, though the blood 
flow during diuresis often seems to be slightly more rapid. 

“The changes in the blood flow of the glomeruli, i.e. a suspended, a pulsating or an inter- 
mittent flow can be induced by a slight influence only under extraordinary conditions, such 
as an overdose of narcotics or a haemorrhage.” (14, pp. 227-228.) 


Okkels (17, 18) similarly observed a continuous and rapid glomerular circu- 
lation during polyuria, but under conditions of dehydration noted the appear- 
ance of intermittence, which never exhibited any regular rhythm. Singer, in 
an initial study (19), encountered intermittence occasionally; but later com- 
pletely rejected the phenomenon as a feature of the “normal” glomerular 
circulation. 


“An even and continuous circulation is found in glomerular capillaries of kidneys that are 
kept under conditions closely approximating the physiological state of the organism. . .” 
(20, p. 365.) ‘““The speed of the circulation may vary, but all glomeruli have the same speed 
at the same time.” (20, p. 345.) 


Adolph (21-25) directly observed the frog’s glomerular circulation under a 
wide variety of conditions, and commented as follows: 


“The fact that intermittency in flow through glomerular capillaries sometimes occurs is 
undisputed. The present work has given the impression that intermittency is not of common 
occurrence, and it is best seen in animals whose circulations have been somewhat interfered 
with.” (21, p. 186.) 


In experiments performed under reduced oxygen tensions, he could adduce no 
positive evidence in favor of an asphyxial hypothesis of glomerular intermit- 
tence. 

Forster (26) carried out a critical study of factors affecting renal tubular re- 
absorption of glucose in the intact, unanesthetized frog (Rana catesbiaisa) ; and 
his data indicate varying degrees of glomerular activity under the conditions of 
his experiments. All of the data are consonant with—and none of them oppose 
—the idea that a glomerulus may be partially active, and that its level of ac- 
tivity may vary over a considerable range. However, Forster agrees (27) that 
the data do not afford a valid demonstration of glomerular intermittence, in 
the sense of Richards and Schmidt, under normal physiological conditions. 

Knisely, Bloch and Warner (28) found that frogs kept in deep water before 
being opened, under light urethane anesthesia, often have all glomeruli dilated 
with very rapid blood flow. On the other hand, frogs which have been sitting in 


308 ALLAN L. GRAFFLIN AND ELIZABETH H. BAGLEY 


air of low relative humidity for several hours often have almost all their glomer- 
uli shut. 


“Each glomerulus then has an intermittance consisting of a long period during which it is 
nearly empty, or empty, followed by a brief interval during which its afferent arteriole 
opens so that a small trickle of blood flows through it.” If such a frog is covered with wet 
cotton, “the intermittances of its glomeruli change so that each has a larger flow for a longer 
time”’ until finally “‘all its glomeruli may open and remain dilated and have a fast flow for 
several hours. Conversely, frogs taken from deep water . . . may be induced to shut off in- 
creasing numbers of glomeruli for longer and longer periods of time simply by directing a 
gentle stream of dry air across their back legs.” —“The total changes in the blood capacity 
of frog kidneys which are due to glomerular capacity changes are not very great. The mo- 
ment-to-moment capacity changes are, however, very precise, for the increments or decre- 
ments consist of very small amounts and multiples of these very small amounts.” (28, p. 
43.) 


White (29) has recently expressed the view that intermittence probably does 
not occur when a frog is normally hydrated. 


“You take the absence of intermittence as evidence of normal circulation; the more normal 
(the frog) is the less likely is intermittence to occur.” However, as White emphasized, “The 
question of how dehydrated a frog can get and still be considered normal is, of course, open 
to debate.” 


In mammals, the problem of glomerular intermittence has been approached 
by intravascular injection procedures, and by indirect methods involving mod- 
ern clearance technics. From a critical review of all available data, Smith con- 
cludes that—with the possible exception of the rabbit—‘“‘the evidence is against 
intermittency in mammals.” (30, p. 486.) Walker and Oliver are the o=ly in- 
vestigators who have reported even partial success in visualizing glomeruli at 
the surface of the living mammalian kidney. “No one of these glomeruli showed 
intermittence of blood flow, but only six were observed and no one of them for 
over 5 minutes.” (31, p. 567.) 

During the past year we have re-investigated the glomerular circulation in 
the frog, by direct microscopic observation of the living kidney under a variety 
of experimental conditions, and with particular emphasis upon the nature of 
spontaneous changes in glomerular activity. Our observations, here reported 
in brief, lend no support to the concept of intermittence as a characteristic fea- 
ture of the glomerular circulation in amphibia under normal physiological 
conditions. Our preparative methods are described in some detail, since review 
of the literature makes it appear that the occurrence or non-occurrence of 
spontaneous intermittence is largely a function of the experimental conditions 
employed. 


MATERIALS AND METHODS 


All observations were made upon Rana pipiens, almost exclusively male specimens weigh- 
ing from 20 to 35 gm. They were obtained at intervals from Vermont (J. M. Hazen, Alburg), 
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and after arrival were maintained unfed in a standard ranarium. Our experience with pithing 
of the brain and spinal cord and crushing of the brain—which are rough procedures at best— 
led us to abandon them in favor of anesthetization with urethane. For experiments with an 
anticipated duration of 2 hrs. and more, we finally adopted for routine use a dosage of 7 gm. 
of urethane per kg., injected into the dorsal lymph sac as a 5% solution in physiological 
saline. With this dosage the frog is usually well anesthetized within 10 minutes or less. How- 
ever, in most instances there is an initial depression of the amplitude and rate of the heart 
beat; and it has been found empirically that it is wise to delay further preparation until the 
heart beat, as seen transmitted to the thoracic wall, is strong and regular. In general this 
involves a delay of approximately 20 minutes from the time of injecting the urethane. 

We have used compound microscopes in preference to those of the dissecting type, and 
have usually worked in the range of 50x to 100, with a 10x objective. Angular incident 
illumination was provided by a simple microscope lamp (# HS-2H, Heinicke, Rochester, 
N. Y.), with variable focus adjustment and iris diaphragm. A filter of heat-absorbing glass 
(4 mm. thick) was employed routinely. The “theater light blue” filter (Corning #4308, 
polished, 4 mm. thick) proved to be the most suitable single color filter; it permits very clear 
visualization of circulatory activity in individual glomeruli, and allows good penetration to 
glomeruli located somewhat below the kidney surface. All incisions were made with an 
electric cautery (#C-200, Comprex, American Cystoscope), with a V-shaped tip of rather 
fine wire, and operated at minimum effective heat. As physiological saline, and as a men- 
struum for urethane and adrenalin, we have used Holtfreter’s solution (32), the tonicity of 
which is below that of the usual amphibian Ringer’s. It is widely used, in preference to 
Ringer’s, among experimental embryologists working with amphibian materials (33). 

All observations were made routinely upon the ventral and ventro-lateral aspects of the 
left kidney. With the frog laid on its back on water-soaked cotton, the trachea was cannu- 
lated, the lungs collapsed, and the cannula occluded to minimize disturbance by any 
attempted respiratory movements. The urinary bladder was then emptied by catheter, and 
all except the operative area was covered with water-soaked cotton. With the cautery a 
mid-line puncture of the ventral abdominal skin was extended into a long mid-line incision. 
Puncture of the abdominal wall, to the (frog’s) left of the anterior abdominal vein, was 
similarly extended to the symphysis pubis and to the region of the xiphoid process. A single 
large flap was then turned back by an incision of the abdominal skin and muscular wall 
(cut together, not separately), beginning just above the symphysis pubis, extending laterally 
into the left flank, then carried forward (lateral to the great cutaneous artery and vein) to 
the lowermost ribs. A wad of wet cotton was placed under the frog’s back, to elevate the 
kidney into a favorable position, and the liver, gastro-intestinal tract, testis and fat body 
were pushed gently toward the right (and held there, if necessary, by a strip of cotton wet 
with saline). The lateral edge of the kidney was then supported as indicated by a narrow 
strip of cotton, avoiding traction upon or incision of the peritoneum whenever possible. Just 
prior to the beginning of observations, the surface of the kidney was irrigated with 2 or 3 
drops of saline, and the cotton covering the frog was wet with water as required. 


OBSERVATIONS 


The development of operative and other essential technics, and all critical 
experiments, were accomplished with summer frogs. With their vigor and good 
level of nourishment they should naturally afford pictures more closely ap- 
proximating the normal than could be expected from winter frogs, with their 
general debilitation. All aspects of the preparation were evaluated in turn; de- 
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tails of procedure were gradually modified and improved, until finally the 
preparation described above was adopted for routine use. In the kidneys of 
summer frogs so prepared, one may with assurance anticipate a reasonably 
good—though not a maximal—level of circulatory activity in at least the large 
majority of glomeruli accessible to observation. The peritubular circulation is 
usually very active indeed. With ordinary precautions against dehydration, 
the preparations can be maintained in apparently excellent condition for inves- 
tigative purposes for two hours and more. 

At a magnification of 50 or 60, with proper illumination, an active glo- 
merulus can be recognized without hesitation. With a minimum of experience, 
an interested observer can learn to identify with equal assurance—on the basis 
of structural relationships—a totally inactive glomerulus, irrespective of 
whether its capillaries do or do not contain static erythrocytes. In all glomeruli, 
regardless of the level of circulatory activity, the glomerular capsule is typically 
applied rather closely to the capillary tuft. 

Survey, in a large number of frogs, of all glomeruli which can be clearly 
visualized makes it apparent that, in a given kidney, the general level and range 
of glomerular activity are approximately the same throughout. This is usually 
true irrespective of whether all glomeruli are exhibiting essentially the same 
level of circulatory activity, or whether they are exhibiting different levels— 
even inactivity—in varying proportions. The findings in one region of the kid- 
ney tend to be duplicated with reasonable consistency in all others; and gross 
disparities between adjacent or widely separated regions are rare. In our experi- 
ence, this generalization is sufficiently valid so that the behavior of a small 
number of consecutive glomeruli (from 4 to 6) in a single microscopic field (at 
50 or 60), may be accepted as fairly representative of glomerular activity in 
the kidney as a whole. We have adopted the following simple criteria for 
evaluating levels of circulatory activity in individual glomeruli: 


0—inactive. 

1—erythrocytes barely moving in one or more capillaries. 

2—circulation distinctly more active than in “‘1’’, but still very sluggish and pulsatile. 

3—moderately active circulation in essentially all capillaries, and pulsatile. 

4—erythrocytes moving rapidly in at least the majority of capillaries, with pulse either 
barely detectable or not at all. 


SPONTANEOUS VARIATIONS IN GLOMERULAR ACTIVITY 


We include under the designation “‘spontaneous variations” only those changes in glomeru- 
lar activity which are noted to occur following completion of the preparation, and prior to 
application of any procedure either designed to influence this activity, or suspected of having 
such an effect. During the period of observations interference is confined to two simple 
procedures, both directed toward maintaining constancy of the experimental conditions. One 
is the wetting at intervals of the cotton covering the frog. The other is periodic irrigation, 
with several drops of saline, of the exposed kidney surface; this is routinely accomplished at 
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approximately 10-minute intervals. Both procedures would appear to be reasonable con- 
cessions to non-interference; and following their application there is no detectable change— 
attributable to the procedures themselves—in the level of glomerular activity. 


TABLE I 
Spontaneous Variations in Glomerular Activity During Initial Period of Observations in 4 Consecutive 
Urethanized Frogs 
Symbols: 1—minimal, 4—maximal activity 
























































TIME LEVEL OF CIRCULATORY ACTIVITY IN INDIVIDUAL GLOMERULI 

min.| 1 ce i a | s | 6 of ei inantwe ft a 
# K-18 # K-19 
] | 
o| 3 3 3 3 3 | 3 4 4 4 3 4 
si 63 3 2 3 3 2 4 4 4 3 4 
4| 2 3 2 3 3 2 4 4 4 3 4 
6| 2 2 2 3 3 2 4 4 4 3 4 
8| 2 2 2 3 3 2 4 4 4 3 4 
10} 2 2 1 3 3 2 4 4 4 3 4 
12| 2 2 1 2 2 1 4 4 4 3 4 
4]; 2 2 2 2 2 2 4 4 4 3 4 
16| 2 2 i 2 2 1 4 4 4 3 4 
18 | 2 2 1 2 2 2 4 4 4 3 4 
20 | 2 2 1 2 2 2 | 4 4 4 3 4 
# K-20 #K-21 

0 1 2 2 1 3 2 4a 2 3 3 | 3 
2/ 1 2 2 1 2 2 | 3 3 3 3 3 
4} 1 2 2 1 2 2 3 3 3 3 3 
eo 1 2 2 3 3 3 3 3 
Si £# | 2 2 1 2 2 3 3 ae 2 
10} 1 2 2 . . 2 2 | 3 3 , . 2. 











# K-18, 34.0 gm., July 25; # K-19, 36.5 gm., female, July 25; # K-20, 24.5 gm., July 27; # K-21, 
20.0 gm., July 27. Urethane 7 gm. per kg., using a 5% solution in all except # K-18 (10%). Prepara- 
tion begun 22 min. later in # K-18, 18 min. in # K-19, 31 min. in # K-20, 32 min. in # K-21. In 
# K-21, testis doubly ligated at hilus and removed; in # K-20 and #K-21, peritoneum incised 
lateral to kidney; no blood loss. Interval between injection of urethane and beginning of observa- 
tions: 58 min. in # K-18, 37 min. in # K-19, 66 min. in # K-20, 68 min. in # K-21. 


Table I illustrates the level and variation of glomerular activity, during the 
initial period of observations, in a series of four consecutive summer frogs pre- 
pared according to our methods. Other specimens of both summer and winter 
frogs fall within the same range, offer the same sort of information, and need 
not be described in detail. In our entire series of well prepared frogs, the findings 
during the initial periods of observation—with continuous scrutiny of selected 
microscopic fields for periods up to 20 minutes—are consistent in the following 
respects: 1. Changes in the level of circulatory activity in individual glomeruli, 
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and in groups of adjacent glomeruli, occur gradually rather than abruptly, and 
are minor rather than major in degree. In any 2-minute interval these changes 
in a given glomerulus rarely exceed a shift beteeen two contiguous levels of 
activity (e.g., from level ‘‘4” to level “3” according to the criteria described 
above). 2. Glomerular intermittence, in Richards and Schmidt’s sense of more 
or less “‘lively’”’ alternation between circulatory activity and inactivity, does 
not occur either as a general or as an isolated phenomenon. We do not wish to 
labor these statements, to which there are no exceptions in our experience with 
urethanized frogs, prepared as gently as we know how. Our frogs, which receive 
rather large amounts of saline with the urethane injections, are presumably 
well hydrated; and the usual necessity for continuous drainage or periodic 
emptying of the urinary bladder bears witness to a good level of urine forma- 
tion. 


Among the early experiments, performed during the evolution of our technical procedures, 
there are two frogs of particular interest. In one, we continuously observed glomerular 
activity in a selected microscopic field for a period of 80 minutes, during which the general 
circulation gradually failed. It is noteworthy that all glomeruli were slowly reduced to com- 
plete inactivity without having once exhibited the phenomenon of intermittence. The other 
frog is the only one in which we have ever observed what might be interpreted as glomerular 
intermittence. In a selected field, observed continuously for 40 minutes, 8 out of 12 glomeruli 
alternated from one to several times between inactivity and minimal, very sluggish circula- 
tory activity in one or more capillaries. This animal obviously did not afford an acceptable 
demonstration of intermittence in the sense of Richards and Schmidt. 


INDUCED VARIATIONS IN GLOMERULAR ACTIVITY 


The responsiveness of the frog’s glomerular circulation to various vasocon- 
strictor and vasodilator agencies has been well documented by Richards and 
Schmidt and subsequent investigators. To a limited extent, we have evaluated 
the character and degree of such responsiveness in our preparations; and repre- 
sentative experiments are illustrated in Figure 1. The charts are for the most 
part self-explanatory, and require only brief comment. 


Frog # K-19 received a single subcutaneous injection of adrenalin (Parke, Davis 1: 1000, 
diluted with saline), and exhibited a fairly typical response. Frog #K-21 had received a 
prior injection of adrenalin (150 y per kg.), which was entirely without effect upon glomerular 
activity. Following the second injection (750 y per kg.), 644 minutes later, all glomeruli 
were rendered inactive, but only after a delay of from 1 to 2 minutes. As the effect wore off, 
each glomerulus alternated once or twice between minimal activity and inactivity before 
continuous circulation was resumed. Such alternation has been observed not infrequently 
during the recovery period, but in our experience has never been more striking than in the 
example given. 

We have found that the simplest and most dependable method for increasing the level of 
glomerular activity—particularly when recovery from a given experimental procedure is 
unduly prolonged—is to inject a relatively large volume of saline into the dorsal lymph sac. 
Frog #K-17 illustrates the degree and rapidity of the response to this procedure. Thirtv 
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Fic. 1. Variations in glomerular activity in the frog’s kidney, induced by adrenalin, 
injection of physiological saline, mild dehydration, application of hypertonic saline to the 
skin, and cooling of the lower extremities. See text. 


minutes prior to the administration of saline it had received a subcutaneous injection of 
adrenalin (250 y per kg.), with prompt suppression—followed by slow recovery—of 
glomerular activity. The injection of saline rather quickly restored all glomeruli to a high 
level of circulatory activity. 
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In frog #K-5 the level of glomerular activity clearly reflected the sequence of mild de- 
hydration and recovery therefrom. A stream of dry air (in this case nitrogen, which happened 
to be available) was played upon the skin of both thighs for 1 minute; the thighs were left 
exposed for the ensuing 19 minutes, then re-covered with wet cotton. In frog # K-21 (lower 
left hand corner, Figure 1), the cotton was removed from both lower extremities, and re- 
placed by a pad of cotton wet with molar saline for 2 minutes. The skin was then thoroughly 
washed with water, and re-covered with water-soaked cotton. This procedure can be applied 
only to a well anesthetized frog. Molar saline is so irritant that, if the anesthesia is at all 
light, the frog will exhibit active—even violent—movements of the extremities. In this 
instance, the very striking influence of limited exposure to hypertonic saline upon the 
glomerular circulation was probably more the result of strong afferent stimulation than of a 
purely osmotic effect. In frog # K-20 cooling of the lower extremities was accompanied by 
significant reduction of glomerular activity, followed by complete recovery within a reason- 
able time. 


DISCUSSION 


In appraising the current status of the concept of glomerular intermittence 
in the frog, we would begin by stating that we accept at their face value the 
original observations of Richards and Schmidt. The evidence is overwhelming 
that intermittence, in their sense of spontaneous, more or less rhythmic, more 
or less “lively” alternation between circulatory activity and inactivity, may be 
repeatedly observed when the kidneys of pithed, anesthetized or curarized frogs 
are directly examined under the microscope. It is equally clear that a similar 
spontaneous intermittence may be exhibited by individual capillary loops in 
the glomerular tufts. In some animals, when glomerular intermittence does not 
occur spontaneously, it may develop following certain experimental procedures 
(e.g., stimulation of sympathetic fibers supplying the kidney, central stimula- 
tion of an afferent nerve, slow continuous injection of adrenalin into a vein). 
Richards and Schmidt’s observations have been confirmed by other investiga- 
tors, whose findings are likewise accepted without question. 

However, granted that glomerular intermittence may occur spontaneously, 
does it occur under normal physiological conditions? A number of investigators, 
including ourselves, have consistently failed to observe it in their preparations. 
It is obvious that the variability in the results obtained must be attributable to 
differences—some deliberately imposed, some more or less subtle—in the ex- 
perimental conditions employed, as well as to differences in the physiological 
state of the animals themselves. 

Up to the present time there has been developed no method, direct or in- 
direct, which is capable of settling the question as to whether intermittence is 
or is not a characteristic feature of the glomerular circulation in the ‘‘normal”, 
intact frog. Meanwhile, it is certainly unwarranted to draw rigid inferences as 
to the “normal” from observations upon pithed, anesthetized or curarized frogs, 
in varying degrees of hydration and perhaps of shock, with their abdominal 
cavities widely opened, their viscera disarranged, and their exposed kidneys 
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de ff subjected to more or less continuous and variably intense illumination. Our 

med present studies have not given us an acceptable answer to the question at issue; 

me but we are inclined to agree with those who doubt that intermittence occurs 
ee oe under normal physiological conditions. 
; 

~~ | SUMMARY 

fal =f The glomerular circulation has been studied by direct microscopic observa- 
this fF tion in the kidneys of urethanized frogs. The findings during the initial periods 

rs of observation were consistent in the following respects: 1. Changes in the 

| by level of circulatory activity in individual glomeruli, and in groups of adjacent 
on- OF glomeruli, occurred gradually rather than abruptly, and were minor rather 
than major in degree. 2. Intermittence, in Richards and Schmidt’s sense of 
spontaneous, more or less “lively” alternation between circulatory activity and 
inactivity, did not occur either as a general or as an isolated phenomenon. A 

nce study has likewise been made of changes in glomerular activity induced by a 

the variety of procedures. A mild degree of glomerular intermittence was not infre- 

ing quently observed during the period of recovery from the vasoconstrictor effect 
ore of adrenalin. 

be It is concluded that spontaneous intermittence is probably not a characteris- 

gs tic feature of the glomerular circulation in amphibia under normal physiologi- 

lar | cal conditions. 
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BOOK REVIEW 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of the Bulletin) 


The Principles and Methods of Physical Diagnosis. Correlation of Physical Signs with 
Physiologic and Pathologic Changes in Disease. By S. S. LEopotp. With a Chapter 
on Sounds from the Thorax: Acoustic Principles by S. R. WARREN, Jr. 430 pp., $7.50. 
W. B. Saunders Co., Philadelphia. 

This book contains twenty chapters, each one covering one of the major facets of the 
physical examination with valuable individual chapters on examination of the male and 
female genitalia, the rectum, the extremities, the musculoskeletal system and the breast, 
in addition to the usual thorough coverage of heart and lungs. One chapter is written by 
S. Reid Warren, Jr., Sc. D. in Electrical Engineering, and is entitled “Sounds from the 
Thorax; Acoustic Principles.” This chapter alone is worth the price of the book. The other 
subjects are covered quite competently and in a much better fashion than in the majority 
of text books on physical diagnosis. This is the most satisfactory text of its type that has yet 
appeared. It is most suitable as an introduction for the medical student, but should be of 
value as well to the general practitioner. 

Rosert E. Mason 


The Battle for Mental Health. By James CLarK MoLoney. 105 pp., $3.50. Philosophical 
Library, New York. 

“The Battle for Mental Health” by Dr. James Clark Moloney is a short book and a 
very challenging one. In it, he stresses the importance of a secure infancy and early child- 
hood as being of critical importance in the future mental health of the individual. A re- 
laxed and permissive relationship between mother and child is the focal point of his argument. 
He examines the present circumstances of this relationship in our American culture from 
birth onward and finds much to criticize and much to suggest. 

The beginnings of an unrelaxed relationship between mother and child, Dr. Moloney 
finds in our present obstetrical and pediatric practices. In particular he is an advocate of 
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“rooming in,”—in obstetrical units as a means of promoting an advantageous relationship 
from the start. Statistics on the incidence of mental illness, crime, alcoholism, divorce are 
adduced as evidence of the need for change in our present techniques of child-rearing. An- 
thropologists’ reports on so-called “primitive” cultures are also cited. He calls for a new type 
of obstetrical institution, dissociated from our regular hospitals, where an atmosphere less 
associated with disease and death might prevail. 

The professional reader will feel particularly grateful to Dr. Moloney for pulling together 
in his bibliography so much of the pertinent current literature. But Dr. Moloney’s analysis 
of resistances to his ideas on the part of his medical colleagues is regrettable. His indictment 
of obstetricians, obstetrical nurses and hospital administrators will detract from the serious 
attention that might otherwise be given to his book. 

EUGENE MEYER 


Symposium on Radiobiology. The Basic Aspects of Radiation Effects on Living Systems. 
Oberlin College, June 14-18, 1950. Edited by James J. Nickson. Sponsored by The 
National Research Council of the National Academy of Sciences. 465 pp., $7.50. John 
Wiley & Sons, New York. 

An adequate review of this work would require the collaboration of a biochemist, a bio- 
physicist, a mathematician and a physician. 

The text is made up of essays by investigators in the fields of radiobiology, and the 
material presented is concerned with the intimate relations of energy transfer from radiation 
to biological system. Only fundamentals are dealt with, but these are often hypothetical, 
and attempts at analysis make the going difficult for the lay reader. 

The organization and arrangement of the individual essays are excellent. The early papers 
deal with the physical features of radiobiology, and lead to discussions of radiochemistry. 
Finally we come to grips with the complex problems of how radiation affects living systems, 
and we find it necessary to use concepts explained earlier in the text to understand the 
discussions. 

In brief, we first consider how radiant energy in the form of x-rays, electrons, neutrons, 
alpha particles, etc., give up their energy to the atoms and molecules of irradiated matter. 
Here the important processes of ionization and excitation are analyzed. Special attention is 
given to the behavior of water under irradiation, since this is extremely important in tissues. 
Then biochemical systems,—enzymes, nucleic acids—are discussed in relation to their re- 
action to irradiation. Thence we go on to the subject of genic and chromosomal irradiation 
changes, and then are presented some intriguing results obtained from a study of radiation 
effects on single-celled organisms. 

Finally the panel considers the effects of radiation on complex organisms as a whole. 

One has the impression that nearly everything known about the fundamentals of inter- 
action between radiation and tissue will be found in this work. But one also feels that there 
are many pages of purest speculation—ingenious, cautious, well thought out, if you will— 
but speculation nevertheless. 

This is not the type of book to be taken up for an evening of light reading. The going is 
hard. The work is valuable as a reference work and should find good use in a research center 
where there is active interest in the question “How does a unit bundle of energy affect a 
cell?” Editor and publisher are to be congratulated for the way in which this most important 
and difficult subject has been handled. 

DANIEL TORRANCE 
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Causalgia. A Monograph in American Lecture Series. By Frank H. MAYFIELD. 65 pp,, 
$2.25. Charles C Thomas, Springfield, Illinois. 

This monograph gives a short concise account of the burning pain associated with lesions 
resulting in incomplete severence of peripheral nerves, a condition which was so incomparably 
described by Weir Mitchell in 1864, while working in a U. S. Army Hospital during the War 
Between the States; a condition whose surgical treatment by sympathectomy was first 
carried out by Leriche in France on the soldiers of World War I. 

Mayfield’s cases consist of 105 patients seen and treated in a U. S. Army Neurosurgical 
Center during World War II plus a few treated in civilian practice. He limits his study toa 
group, all of whom suffered partial peripheral nerve injury, and does not include the groups 
with confusingly similar symptoms such as Sudeck’s atrophy, painful osteoporosis, and the 
minor causalgias. 

The incidence of causalgia in penetrating wounds of nerves serious enough to require 
sympathectomy was found to be between 2 to 5 per cent. A few clear illustrations of the 
standard operative technique for thoracic and lumbar sympathectomy are given. The various 
theories of the causative mechanism are briefly mentioned, the author being inclined to 
subscribe to the hypothesis of a shunting or short-circuiting of impulses from the sympa- 
thetic into the sensory fibers of the injured somatic nerve. 

I. RipGEWAY TRIMBLE 
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Adrenal Cortex. Transactions of the Third Conference, November 15-16, 1951. Edited by 
ELAINE P. RALLrI. 204 pp., $3.25. Josiah Macy, Jr. Foundation, New York. 

Anurie bei Chromoproteinurie (Himolyseniere, Crush-Niere). By Hans U. Zo.iincrr. 
138 pp., Kart. DM 14.70. Georg Thieme Verlag, Stuttgart, Germany. 

Culdoscopy. A New Technic in Gynecologic and Obstetric Diagnosis. By ALBERT DECKER. 
148 pp., $3.50. W. B. Saunders Co., Philadelphia, Pa. 

Der Gesunde und der Krankekehlhopf im Réntgenbild. By C. R. GriEBEL. 170 pp., Ganzl. 
DM 48. Georg Thieme Verlag, Stuttgart, Germany. 

Die Krankheiten der Nasennebenhéhlen, der Ohren und des Halses im Réntgenbild. By 
RICHARD MITTERMAIER. 232 pp., Ganzl. DM 66. Georg Thieme Verlag, Stutigari, 
Germany. 

Die Osteomalazie. By Markus WERNLY. 101 pp., Kart. DM 14.40. Georg Thieme Verlag, 
Stuttgart, Germany. 

Die Zerebrale Angiographie. By H. KRayYENBUHL and R. RicuTer. 217 pp., Ganzl. DM 
59.70. Georg Thieme Verlag, Stuttgart, Germany. 

Einfiihrung in Geschichte und Geist der Medizin. Ein Lehrbuch in Vorlesungen. By GrorG 
B. GruBer. 343 pp., Kart. DM 14.40. Georg Thieme Verlag, Stuttgart, Germany. 

Experimentelle Histopathologie ein Einfiihrungskurs. By H. MEEsSEN. 153 pp., Kart. DM 
22.50. Georg Thieme Verlag, Stuttgart, Germany. 

History of the Royal Medical Society 1737-1937. By James Gray. Edited by DoucLas 
GuturiE. 355 pp., 42/ net. Edinburgh University Press, Edinburgh 8, Scotland. 

Infant and Maternal Care in New York City. A Study of Hospital Facilities. Sponsored by 
the Committee on Public Health Relations The New York Academy of Medicine. 
E. H. L. Corwin, General Director of Study. 188 pp., $3.50. Columbia University Press, 
New York. 
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Leitfaden der Praktischen Audiometrie. By BERNHARD LANGENBECK. 155 pp., Kart. DM 
19.50. Georg Thieme Verlag, Stuttgart, Germany. 

Manual of Electrocardiography. By Benjamin F. Smitu. 215 pp., $4.50. Elsevier Press, 
Houston, Texas. 

Physical Diagnosis. By Harry WALKER. 461 pp., $8.00. The C. V. Mosby Co., St. Louis, 
Missourt. 

Problems of Aging. Transactions of the Fourteenth Conference, September 7-8, 1961. 
Edited by NATHAN W. SuHocx. 138 pp., $3.00. Josiah Macy, Jr. Foundation, New York. 

Renal Function. Transactions of the Third Conference, October 18-19, 1951. 210 pp. 
$3.50. Josiah Macy, Jr. Foundation, New York. 

Skin Therapeutics. Prescription and Preparation. (Materia Medica Dermatologica). By 
M. K. Potano with an Introduction by CLareNce S. Livincoop. 276 pp., $6.50. 
Elsevier Press, Houston, Texas. 

Stereoencephalotomy: Thalamotomy and Related Procedures. Part I. Methods and Stereo- 
taxic Atlas of the Human Brain. Monographs in Biology and Medicine. Vol. 1. By 
E. A. Sprecet and H. T. Wycis. 176 pp., $8.00. Grune & Stratton, Inc., New York. 

Transactions of the Eleventh Conference on the Chemotherapy of Tuberculosis, held 
January 17 to 20, 1952 at the St. Louis Medical Society, St. Louis, Missouri. 401 pp. 
Prepared and Edited by Veterans Administration Area Office, St. Louis, Missouri and 
Central Office, Washington, D. C. 

The Treatment of Injuries to the Nervous System. By DonaLp Muwro. 284 pp., $7.50. 
W. B. Saunders Co., Philadelphia, Pa. 

Veterans Administration Technical Bulletins, Series 10. Vol. V, 1951. Veterans Bureau, 
Washington, D.C. 








